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YOUR WELDING ROBOT 
DESERVES THE BEST 
IN ARC SUPPORT! 


Many of the major robot 
manufacturers offer Miller 
arc welding equipment for 
interfacing with their 
welding robots. 

These include: 


• Advanced Robotics Corp. 

• ASEA Robotics Inc. 

• Automatix Inc. 

• Cybotech 

• Cincinnati Milacron 

• DeVilbiss 

• General Electric 

• GMF Robotics Corp. 

• Unimation/ 

Westinghouse 



Robot manufacturers 
have relied on 
Miller's expertise in 
component design, 
engineering and 
welding technology. 
Miller can support 
the robot cell with 
arc welding power 
supplies, controls, guns, 
drive roll systems and 
mounting hardware. 

For ideas on how you can 
implement a robot to 
your welding operation, 
talk to your nearest Miller 
distributor. He's in the 
Yellow Pages under 
"Welding Equipment & 
Supplies!' Or contact 
a robot manufacturer 
for information. 
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CONTROLS 


ARC WELDING POWER 

Deltaweld* Series Pulstar™ 450 
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VERMTORQ' 

Limited Angle Brushless 
DC Torque Motors 

Vernitorq motors feature: 

• Direct drive 

• 90% of max torque 
through 120° 

• Infinite resolution 

• Fast acceleration 

• No cogging or ripple 

• No electrical 
or mechanical noise 

• 1 " diameters and up 

Other Vernitron products 
include: 

• Torqsyn Remote Positioners 

• Mil-Spec Synchros 

• Pancake Synchros and Resolvers 

• Indicator and Subsystem 
Assemblies 


VERNITRON SAN DIEGO 

A Division of Vernitron Corporation 

1601 Precision Park Lane, San Diego, California 92073 

(619) 428-5581, TWX: 910-322-1862 

FAX (619) 428-5090 





Robotics Technician Maintenance Kit 

New comprehensive tool kit for troubleshooting, service and repair 
of industrial robots. Contains tools for use with all types of drive 
systems including hydraulic, electric and pneumatic as well as servo 
and non-servo controlled equipment. Tools are adaptable to English 
or metric measurement and are contained in a super-tough 
polyethylene case with removable gate-swing pallets. 


Free 

Catalog! 


Features tool kits, tool cases and 
test equipment , plus a selection 
of hard-to-find precision tools. 


JGNSGN TOOLS INC. 

7815 South 46th Street 
Phoenix, AZ 85044 (602) 968-6241 


Editorial 


What’s In A Name? 

BY CARL HELMERS 


What’s in a name? A name is a symbolic tag with both 
denotative and connotative meaning. With this issue, Volume 
8, Number 1, we introduce a new name for our journal: Robotics 
Engineering. The change of title is the culmination of a yearlong 
process of placing our primary emphasis upon the practical, in- 
dustrial, and commercial side of the robotics marketplace. This 
represents a conscious and deliberate change in the direction 
of our editorial focus, a change that we made to acknowledge 
our strengths as participants in the forum of technological ideas. 
Let’s examine the history and realities of robotics, and how 
Robotics Engineering fits into this field. 

When the journal was founded in 1979, Robotics Age was 
an appropriate name. During its first three years as a quarterly, 
and then as a bi-monthly magazine, Robotics Age was the only 
robotics journal of any consequence. The initial three years 
focused on all aspects of the field from industrial robotic systems, 
to the garage tinkerers, to the artificial intelligence researchers’ 
software dreams. After the magazine was revived at the begin- 
ning of 1982 with a change of ownership, we continued to ad- 
dress the total robotics picture. As part of covering the broad 
spectrum of intelligent machine subjects from A to Z, however, 
we started to be perceived as somewhat of a “hobby” oriented 
magazine, somehow a less-than-serious contender in the 
marketplace of system ideas. 

Our response to this perception is that there have been and 
will always be a place for personal robots in areas such as aiding 
handicapped persons. Lightweight, inexpensive robotic 
mechanisms coupled to personal computers can do wonders for 
the blind and the mobility impaired. There is also the field of 
•industrial education in the areas of robotics and automation. 
Many vendors have contributed to this effort with educational 
hardware and software simulations of industrial automation 
systems used to teach automation concepts at levels from the 
junior college to the graduate engineering schools. Where there 
is real technology to write about, we will cover these aspects 
of robotics. 

The robot toy market, however, is not the robotics industry 
of practical intelligent machines even though science fiction 
speculation is valuable for setting long-term technological goals. 
We postwar baby-boomers were, after all, brought up on the 
possibilities of spaceflight, anthropomorphic robots, and the 
wonders of technology. But science fiction will always be mere 
speculation compared to the actual incremental evolution of 
human systems. The “magic bean” of a personal robotics 
marketplace might be a long time coming, and may actually come 
as a culmination of the evolution of “smart” appliances. We 
cannot cut short the process of design evolution— we humans 
must learn to crawl before we learn to walk, and finally run. 
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To hunt that magic bean of personal robotics was proven a fol- 
ly in 1984, with bankruptcies, near bankruptcies, and changed 
plans at all the experimenter-oriented personal robotics com- 
panies. What comes in tomorrow’s consumer markets still waits 
for tomorrow’s technology— the real world of Robotics Engineer- 
ing is where technology is being advanced today. 

As 1986 begins, let’s get on with the growth areas of prac- 
tical robotics and intelligent machines. The goals of the robotics 
engineering process are practical productivity improvements in 
the systems used in commerce and industry. There is a prac- 
tical robotics engineering field, the field of making complex com- 
puter controlled intelligent machines do useful, productive work. 

In only one applications area, manufacturing, are the subjects 
wide ranging. We have the automated design arts of software 
tools used in engineering design and project planning. We have 
the systems integration problems of making these tools work 
together with flexible automation, just in time inventories, and 
smart factories with modem wide-band communications net- 
works. And we have the detail problems of the individual 
machines, sensors, and manufacturing cells. In the continuous 
process industries as well as in the discrete manufacturing in- 
dustries, we’re starting to see practical applications of the sym- 
bolic programming (artificial intelligence) point of view, as ex- 
pert systems start popping up as simulated on conventional 
mini/microcomputers functionally identical to much faster 
specialized “inference engines.” 

The engineering problems of intelligent machines are by no 
means limited to manufacturing. Manufacturing is simply the 
highest priority task at the moment— other technologically ex- 
citing and emminently useful areas of robotics engineering 
abound at the frontiers of the art. The commercial and military 
uses of semiautonomous robots are just beginning to be ex- 
plored. The concept of the semiautonomous computer-controlled 
system was pioneered with the robotic space exploration probes 
of the past decades. In today’s environment, we see the first prac- 
tical installations as clean room robots, hazardous environment 
teleoperators, and autonomous military vehicle technologies. The 
practical and commercially useful implications of the “chauffeur 
system,” an automatic pilot for an automobile, will ultimately 
bring about its invention. 

As we begin this new year with a new appellation, our editorial 
goal remains the same: comprehensive technical coverage of the 
hardware and software systems and solutions needed to ac- 
complish real-world intelligent machine tasks. Our editorial con- 
tent will address the creative engineering of solutions to the 
challenges of automation. The Robotics Engineering goal is to 
be the complete guide to the technology of intelligent machine 
engineering and implementation. ■ 



Woven wire mesh panels bolt to steel posts 
with standard hardware to make strong, effec- 
tive robot guards 

☆ Cost Effective 

Beats prices of electronic systems 

☆ Uninterrupted guarding 

Not subject to power failures 

☆ Defines Work Envelope 
Keeps objects inside work envelope 

☆ Easy to Relocate 
Modular posts not sunk into plant floor 

☆ Options Available 
Meshes W, 1" 2" x 1" sheetmetal 


WIRE CRAFTERS INC. 

Box 14187 
Louisville, KY 40214 
502 363-6691 

1 - 800 - 626-1816 
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TOTALCONTROL 

with LMI FORTH " 



For Programming Professionals: 

an expanding family of 
compatible, high-performance, 
Forth-83 Standard compilers 
for microcomputers 


For Development: 

Interactive Forth-83 Interpreter/Compilers 

• 16-bit and 32-bit implementations 

• Full screen editor and assembler 

• Uses standard operating system files 

• 400 page manual written in plain English 

• Options include software floating point, arithmetic 
coprocessor support, symbolic debugger, native code 
compilers, and graphics support 


For Applications: Forth-83 Metacompiler 

• Unique table-driven multi-pass Forth compiler 

• Compiles compact ROMable or disk-based applications 

• Excellent error handling 

• Produces headerless code, compiles from intermediate 
states, and performs conditional compilation 

• Cross-compiles to 8080, Z-80, 8086, 68000, and 6502 

• No license fee or royalty for compiled applications 


Support Services for registered users: 

• Technical Assistance Hotline 

• Periodic newsletters and low-cost updates 

• Bulletin Board System 


Call or write for detailed product information 
and prices. Consulting and Educational Services 
available by special arrangement. 


urn 


Laboratory Microsystems Incorporated 

Post Office Box 10430, Marina del Rey, CA 90295 
Phone credit card orders to: ( 213 ) 306-7412 


Overseas Distributors. 

Germany: Forth-Systeme Angelika Flesch, D-7820 Titisee-Neustadt 
UK: System Science Ltd., London EC1 A 9JX 
France: Micro-Sigma S.A.R.L., 75008 Paris 
Japan: Southern Pacific Ltd., Yokohama 220 
Australia: Wave-onic Associates, 6107 Wilson, W.A. 


Calendar 


J ANUAR Y 

21-23. Artificial Intelligence: 
Current Applications, Trends, and 
Future Opportunities. Massa- 
chusetts Institute of Technology, 
Cambridge, MA. Contact: M.I.T. 
Seminar Office, Center for Ad- 
vanced Engineering Study, Room 
9-335, 105 Massachusetts Ave., 
Cambridge, MA 02139, telephone 
(617) 253-7406. 

28-30. Charlotte Tool & Manu- 
facturing Engineering Conference 
& Exposition. Charlotte Conven- 
tion Center, Charlotte, NC. Con- 
tact: SME Technical Activities 
Dept., Society of Manufacturing 
Engineers, One SME Dr., Dear- 
born, MI 48121, telephone (313) 
271-1500. 


FEBRUARY 

4-6. 7th International Con- 
ference on Assembly Automation. 
Zurich, Switzerland. Contact: Con- 
ference Manager (ICAA-7), IFS 
(Conferences) Ltd., 35-39 High 
St., Kempston, Bedford MK42 
7BT, England, telephone (0234) 
853605. 

11-13. Orlando Manufacturing 
Productivity Conference and Ex- 
position. Orlando Expo Centre, 
Orlando, FL. Contact: Society of 
Manufacturing Engineers, One 
SME Dr., PO Box 930, Dearborn, 
MI 48121. 


MAR CH 

3-6. Flexible Manufacturing 
Systems. Hyatt Regency O’Hare, 
Rosemont, IL. Contact: John 
McEachran, Special Programs 
Division, Society of Manufacturing 
Engineers, One SME Dr., PO Box 
930, Dearborn, MI 48121, tele- 
phone (313) 271-1500. 

3-6. Agri-Mation 2 Conference 
and Exposition. Chicago Hilton 
Hotel and Towers, Chicago, IL. 
Contact: Public Relations Depart- 
ment, Society of Manufacturing 
Engineers, One SME Dr., PO Box 
930, Dearborn, MI 48121, tele- 
phone (313) 271-0777. 


12-14. Artificial Intelligence for 
the Automotive Industry. Westin 
Hotel, Detroit, MI. Contact: Dale 
Mason, SME Technical Activities 
Dept., Computer and Automated 
Systems Association of SME, One 
SME Dr., PO Box 930, Dearborn, 
MI 48121, telephone (313) 
271-1500, ext. 375. 

17- 20. WESTEC ‘86. Los 
Angeles Convention Center, Los 
Angeles, CA. Contact: Society of 
Manufacturing Engineers, One 
SME Drive, PO Box 930, Dear- 
born, MI 48121, telephone (313) 
271-0023, ext. 328. 

18- 21. International Handling & 
Storage Exhibition— IHSE ‘86. 
National Exhibition Centre, Birm- 
ingham, England. Contact: Keith 
Harris, Trinity Publishing Ltd., Sta- 
tion Approach, Long Lane, Hill- 
ingdon, Middlesex UB10 9NR, 
England. 

19- 21. 3rd International Con- 
ference on Automated Materials 
Handling. Metropole Hotel, Na- 
tional Exhibition Centre, Birm- 
ingham, England. Contact: IFS 
(Conferences) Ltd., 35-39 High 
St., Kempston, Bedford MK42 
7BT, England, telephone (0234) 
853605. 

24-26. SYSTEMS™ 1, For In- 
tegration of Plant Automation 
Communications and Control. 
Chicago Hilton & Towers, Chicago, 
IL. Contact: Paul Borawski, Assis- 
tant Manager, Technical Activities, 
Society of Manufacturing 
Engineers, One SME Dr., PO Box 
930, Dearborn, MI 48121, 
telephone (313) 271-1500. 


APRIL 

1-3. Manufacturing Productivity 
Conference and Exposition. H. 
Roe Bartle Hall, Kansas City, MO. 
Contact: Public Relations Depart- 
ment, Society of Manufacturing 
Engineers, One SME Dr., PO Box 
930, Dearborn, MI 48121, 
telephone (313) 271-0777. 
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Flexible Inspection 
Systems In 
Surface-Mount 
Device Production 


Today, for all intents and purposes, marks 
the end of an entire year of coping with 
the worst electronics industry recession in 
the history of the industry, a time of layoffs, 
overcapacity, red ink, consolidation, and 
frustration. But recessions can be a power- 
ful blessing in disguise for those who warm 
up to a challenge rather than freeze in 
fear. A good change manager finds a reces- 
sion a terrific time to rethink what is 
established, to challenge what is assumed, 
and to explore new ideas. 

For printed circuit board production 
lines, recessions are a time to clean shop, 
reduce costs, increase quality, and keep 
what business is out there away from our 
competitors. But reducing costs while in- 
creasing quality in PCB production re- 
mains one of the most critical issues fac- 
ing the electronics industry today. Rising 
component densities, shorter product life 
cycles, higher competition, increasing 
labor costs, and the need for steady yield 
and quality enhancement all are compel- 
ling reasons to explore every viable 
manufacturing development for its 
usefulness. 


SURFACE-MOUNT TECHNOLOGY: 
PANACEA OR PROBLEM? 

One of the key production changes and 
important “new” ideas being sustained 
during this recession is the massive push 
toward surface-mount technology (SMT). 


Scott T. Jones 

Control Automation 
Princeton-Windsor Industrial Park 
PO Box 2304 
Princeton, NJ 08540 

The argument for SMT is well docu- 
mented: smaller size, higher speed, re- 
duced crosstalk and circuit distortion, 
lower weight, lower cost, greater reliabili- 
ty, easier and more generic manufactur- 
ing, and more efficient use of board 
geometry using both sides and mixed 
technology design are among the im- 
provements promised by SMT, and literally 
hundreds of companies are jumping onto 
this hard-pitched bandwagon. 

But buyer beware! SMT represents a 
wholly new technology for 95 percent of 
all PCB manufacturers, and as is the case 
with any new technology, the first users are 
still trying to remember what happened to 
the quality. Ignoring for the time being the 
current problems associated with a lack 
of component variety, lack of exper- 
ienced SMT PCB designers and design 
tools, and lack of SMT-experienced manu- 
facturing personnel, we are still left with 
a significant number of severe generic 
issues that have yet to be resolved, and the 
bad news is that current techniques to 
solve these problems just won't work. Let 
us see why. 


QUALITY ROADBLOCKS: THE 
LIMITATIONS OF CURRENT TEST 
AND INSPECTION APPROACHES 

When we examine the real linchpins of 
winning in the electronics marketplace, 
and in particular to win in SMT, we find 


that quality is the major driver. Without 
it, our field service costs go out the win- 
dow, our customers go next door, and our 
business goes south, sometimes per- 
manently. The Japanese have been 
teaching us this principle the hard way 
since the early 1970s. Their approach is 
simple— focus on manufacturing, catch 
production errors when they happen, 
reduce costs, and provide the customer 
with better performance at a better price. 
The U.S. still has not learned from this ex- 
ample, and Japan is today producing high 
quality SMT boards for 30 percent of their 
volume. 

Of the U.S. PCB plants we have visited 
over the last two years, 95 percent are pur- 
suing the same approach they have always 
followed. In fact, over the years, it has 
become a buzzword known as ATE— “at 
the end.” We make our boards, we make 
our mistakes, and we catch them with our 
testers at the end. In the beginning, we 
designed functional testers and ran them 
until circuit complexity choked us. Then 
in-circuit was introduced as the new ATE. 
Density grew, double-sided technology 
evolved, surface-mount appeared on the 
horizon and in-circuit began to show signs 
of old age. In parallel, amidst the confu- 
sion, we have hired droves of manual in- 
spectors who are expected to find needles 
in haystacks— and at line speed. To be 
sure, manual inspection, in-circuit test, and 
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functional test are necessary and power- 
ful tools. But we ask too much of 
them, if “at the end” is where we expect 
to retrieve our mistakes before we pass 
them on to our customers. 

Why? As surface-mount has gained 
prominence, a whole new wave of inspec- 
tion and test problems has emerged. 
Although bare-board errors tend to track 
those of through-hole designs, assembly 
and post-solder problems do not. How, 
when, and to what tolerance do you in- 
spect for component alignment to its pads? 
What about paste alignment farther up the 
line? How do you inspect for solder crosses 
(bridges) beneath J-leaded components? 
Can contact-based testers handle 25 mil 
and 12.5 mil pitch testing? How do you 
test for near opens when electrically they 
are sound? Current test techniques are 
proving unreliable in many SMT applica- 
tions, and manual visual test is proving dif- 
ficult to impossible. Three-hundred per- 
cent inspection is still worthless if the den- 
sity of 4-sided components is high. Manual 
inspection in general has proven to be slow 
and marginally reliable at best, and the 
finer line geometry leads to operator 
fatigue and burnout, with an associated 
cost increase. Retesting is wasteful if the 
job exceeds the tester’s technical units. 


THE EMERGENCE OF FLEXIBLE 
INSPECTION SYSTEMS AS A 
PARTNER TECHNOLOGY 

In the past year, a new process control 
technology has begun to fill in the gaps 
left by manual and ATE limitations and to 
provide quality control throughout the line 
instead of at the end. Flexible Inspection 
Systems (FIS s) have emerged as a new ap- 
proach to quality verification, an optical 
approach to finding defects in line after 
each manufacturing step and prior to fur- 
ther value-added processing. FIS goes 
beyond the capabilities of manual and 
ATE approaches to eliminate follow-on 
defects, reduce test/retest time, and in- 
crease yields. Although FIS offers the 
distinct cost advantage of finding simple 
defects prior to ATE, many of the defects 
being targeted by FIS manufacturers are 
also beyond the reach of traditional ATE 
altogether, offering an additional quality 
enhancement potential heretofore un- 
known. 

FIS s are computer based machines that 
typically use solid state video cameras and 

6 ROBOTICS ENGINEERING January 1986 


Quality is the major driver. 

Without it, our field 
service costs go out the 
window, our customers go 
next door, and our business 
goes south, sometimes 
permanently. The Japanese 
have been teaching us 
this principle 
the hard way. 


decision algorithms to duplicate the human 
inspection approach, but with an order of 
magnitude or more increase in speed and 
60 to 100 percent higher reliability. Like 
human inspectors, FIS s are by definition 
flexible machines able to change over to 
inspect totally different board types at the 
push of a button. The machines are 
trained using preprogrammed, process 
tolerant heuristics and “good board” 
matching techniques to inspect for defects 
in bare-board, loaded-board, and soldered- 
board production steps. There is no 
universal, “one system does all” approach 
and not all the problems have as yet been 
reliably solved using existing technology. 
However, the technology has matured to 
a point where FIS is being increasingly 
viewed as a mandatory new partner to ex- 
isting ATE and manual inspection ap- 
proaches. Let us examine the status of this 
technology in detail as it relates to each 
part of the SMT line. 

Inspection can occur at a number of 
places in a typical SMT line, and each area 
provides various levels of challenge in pro- 
ducing a reliable FIS for that task. The 
progress and limitations in the technology 
up until now are detailed below. 

Bare-Board Fabrication. In the bare- 
board area, several inspection re- 
quirements exist and are being addressed 
by a number of manufacturers. The most 
obvious inspection requirement in PCB 
manufacturing and the source for close to 
50 percent of all PCB manufacturing 
defects is in the fabrication of the actual 
bare PCB and its metallic conductors. Pat- 
tern shorts, opens, nicks and mouse bites, 
cuts and cracks, pin holes, channel width 
expansion or narrowing, and pad size all 
are possible areas for defects which must 
be detected. As design rules progress from 


10 and 12 mil spaces, through 8 mil and 
down to 5 or even 3 mil geometries, 
defects become exceedingly likely, as well 
as increasingly difficult to discern. 
Manufacturers including Optrotech, Itek, 
AEI, Orbot, Testerion/Mania, Matra, 
Hitachi, Fujitsu, TI, Hughes, AT&T/Lin- 
coln Laser, DITMCO/Integrated Automa- 
tion, Trackscan, Visionetics, and KLA 
have introduced or are in the process of 
introducing bare-board inspection systems. 
Three other manufacturers— Photo 
Research, Everett/Charles, and SVS— have 
introduced similar systems aimed at 
defects on smaller ceramic hybrids. 

Three basic techniques are used in all. 
cases. The design rule technique provides 
for high-speed measurements to be made 
that are checked against predetermined 
geometrical “quality rules.” The database 
or “golden board” technique provides for 
high-speed pattern comparison of produc- 
tion boards against a known good board. 
The analytical technique combines 
qualities of both in selectively performing 
pattern matches as well as design rule 
measurements as compared against a 
statistical model built from production 
board data. 

All techniques have their advantages and 
disadvantages, and all systems thus far in- 
troduced are extremely expensive— 
between $150,000 and $400,000. The 
primary limitation or system problem is 
robustness. Artwork, interlayer, and fin- 
ished board variation in board color and 
finish, conductor metal color and finish, 
and customer layout idiosyncrasies all have 
a tendency to either abort inspection of 
intermixed lots or to raise an inordinate 
level of false flags. While this is currently 
/being approached by suppliers using soft- 
ware based image enhancement, optical 
filtering, and advanced illumination 
technology, only a few companies have had 
enough experience to be moving in the 
right direction. 

Via and Through-hole Inspection. Several 
of the bare-board pattern inspection 
systems are also designed to verify 
presence of vias and/or drilled through- 
holes. More often, however, detection for 
presence/absence, location, and diameter 
of holes is a quality step found farther 
down in line. In the past, coordinate 
measuring machines have been used to do 
sample inspection on identified lots for 
quality control. More recently, inspection 


systems from EOIC, Muromachi Machine 
Company, and others have been designed 
to offer high speed 100 percent inspection 
for various levels of hole quality at line 
speed. 

Solder Paste Screen Print Registration 
Pre-reflow. Bare boards or substrates for 
SMT technology today typically are screen 
printed with solder paste prior to assembly. 
Paste to pad registration and deposited 
solder height (quantity and distribution) 
are the two primary issues for inspection 
here, and until this time have been ad- 
dressed using manual inspection sampling. 
Automatix, ORS, SVS, MVI, IRT, and 
others are known to be working on parts 
of this problem with turnkey designs. A dif- 
ferent, pre-emptive approach is being tried 
by some screen printer vendors. AMI, 
deHaart, and Universial/DEK are known 
to be working on low-cost, on-the-machine 
printer alignment vision systems that will 
properly and quickly align printer to board 
layout prior to printing, thus eliminating 
the need to inspect after printing (if 
coverage has been checked). 

Issues for optical approaches to this 
problem revolve around reliability, and for 
x-ray approaches speed is the current dif- 
ficulty (Table 1). However, industry 
watchers believe that other process tech- 
niques (solder bumping, electro-plating, 
conductive epoxy) may supplant current 
screening techniques, thus eliminating this 
inspection need. 

Component to Pad Registration Pre- 
reflow. During or after component place- 
ment, inspection is required to verify ac- 
curate component to pad placement 
registration, and there are some who 
would like component polarity as well. 
This need has resulted from two develop- 
ment issues: 

1 . The need for real-time position feed- 
back on placement machines for plac- 
ing high pinout (25 mil pitch or less) 
parts onto lands which may shift 8-12 
mils in the process; and 

2. Part movement after placement due 
to board handling problems and 
adhesive flow. Solutions are being ap- 
proached as a real-time adjustment to 
the placement machine’s using high 
speed visual decision making (MVI, 
IR/I, Automatix, Panasonic, TDK, 
Sanyo, Dynapert, Universal) or can be 
offered after assembly. Control Auto- 


Table 1 

Paste to Pad Approach Comparison 

ADVANTAGES 

Visual Alignment 
On Screen Printer 

Optical Inspection 
Post-Print 

X-Ray Inspection 
Post-Print 

• inexpensive ($20K) 

• pre-emptive 

• used within the screen 
printer 

• very fast 

• alignment inspected 
distribution inspected 
by height measurement 

• fairly fast 

• distribution inspected 
for insufficiencies 
via density 
measurement 

DISADVANTAGES 

• coverage not inspected 

• distribution not 
inspected 

• expensive ($100K) 

• reactive 

• floor space 

• reliability based on 
process shift unknown 

• very expensive ($400K) 

• reactive 

• absolute alignment 
accuracy less 
than optimal 

• floor space 

• slow 


mation, Automatix, MVI, American 
Robot, ORS, and a host of other 
manufacturers are pursuing the post- 
assembly market, and it is expected 
that more will soon join the fray, given 
the expected growth of this market. 
The primary issue for all approaches 
includes inspection speed as well as 
resolution, where 2-3 mil tolerances 
for high pinout parts are not 
unreasonable limits. 


Post-reflow Inspection. Again, after 
reflow, component placement inspection 
is important. In addition, inspection for 
tombstoning effects, as well as solder joint 
integrity (opens, shorts, solder balls, voids, 
etc.) around the pads are important areas 
for development. Production-speed, 
medium-resolution, low-cost, optical ap- 
proaches as well as low-speed, high- 
resolution, high-cost, x-ray, and ther- 
mographic systems for lab/NDT work have 
been introduced this past year or are be- 
ing prepared for market entry (Figure 1). 
Control Automation, Nicolet, IRT, and a 


few others are examining approaches to 
this area’s problems. 

Benefits. As seen in Table 2, the primary 
advantage of FIS (in finished, working 
systems) is far higher throughput with far 
higher inspection reliability. This in turn 
leads in many cases to dramatic cost 
reductions and unusually short payback 
periods. The often “hidden” cost savings 
resulting from test, repair, and field serv- 
ice cost avoidance are particularly impor- 
tant here. 


THE FUTURE 

The industry’s current requirements re- 
main virtually unmet due to the nascent 
stage of the technology. Cost-effective 
technology in each area is only now emerg- 
ing. Technical and user interface issues re- 
main the primary stumbling block for most 
suppliers and users alike. The future will 
see some minor vision processing hard- 
ware refinements (reduction to custom 
VLSI or gate array solutions) which will 
drop the already low current base hard- 



Optical 

X-Ray 

Thermographic/Laser 

Inspection Capability 

Opens/Shorts/ 

Alignment 

Opens/Shorts/ 
Alignment, 
Solder Balls, 
Voids, Paste 
Quantity 

Opens/Shorts/Hot Spots 

Speed 

>200 Leads/ 
Second 

<75 Leads/ 
Second 

>200 Leads/Second 
(In Theory) 

Reliability 

High 

High 

Medium 

Status of Technology 
(Auto. Systems) 

Existing 

Experimental 

Experimental 

Cost 

Approx. $120K 

Approx. $500K 

Approx. $500K 

Use 

Production 

Lab /NDT 

Lab /NDT 


Figure 1. Post solder approach comparison. 
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Table 2 

PCB Flexible Inspection Systems Benefits 
QUALITY ENVIRONMENT 

• FEWER PROCESS ERRORS 

• FEWER MANUAL INSPECTION MISTAKES 


COST REDUCTION 


Automatic Throughput: 

5-10 Times Manual Operator Speed 

Reliability: 

30%-50°/o More Reliable And Repeatable 

Yield: 

5-10% Yield Enhancement 

Test Avoidance: 

5-10% Test Equipment And Labor Cost 
Avoidance 

Repair Cost Avoidance: 

Post-Solder Repair Costs 2-5 Times 
Greater Than Pre-Solder Costs 

Field Service Avoidance: 

Field Repair Costs 10 or More Times 
Greater Than Post-Solder Costs 


RESULT 


Enhanced Quality Image — Fewer Problems With Equipment On Customer Premises 


ware prices. But this is not a primary 
market constraint today. Sheer technology 
is no longer a concern. 

The vast majority of the refinements will 
occur in the applications area, as image 
processors are combined with peripheral 
equipment into turnkey system packages 
aimed at specific niches. Exotic lighting or 
imaging techniques may play a hand (in- 
frared, ultraviolet, and x-ray), but a majori- 
ty of the work will involve software 
enhancement (perhaps later reducible to 
hardware for speed) that allows for clever 
solutions to currently unsolved problems, 
and provides for simple interface to allow 
changes in most current offerings. The 
market for this important technology will 
continue to be limited to innovative users. 


EVALUATING VENDORS: 
THE ISSUES TO PURSUE 

As with any new technology, un- 
sophisticated users can be taken by sur- 
prise by vendors who promise much but 
deliver little. Surprises and mistakes can 
be avoided by being aware of several 
critical issues and asking the right ques- 
tions. Many of the same questions you 
have always asked ATE vendors, and many 


of the same problems you have found over 
the years, will evidence themselves in your 
exploration of FIS: 

• Hardware— is not an issue, as over 200 
vendors world wide now sell roughly 
equal vision boxes (some faster, some 
slower) performing roughly the same 
basic vision tasks. Don’t be overly im- 
pressed by pixel rates, convolution 
algorithms, and parallel processing. If 
the machine can’t reliably inspect your 
printed circuit boards to your satisfac- 


tion while you’re watching, go 
elsewhere. 

• Lighting and Optics— is one of the two 
absolutely critical issues. Lighting 
must be absolutely constant across all 
of your board to produce reliable 
results. Board peripheries, multiple 
board colors, solder plating variation, 
and component color variation can be 
particularly troublesome to many 
vendors. 

• Application Software— is the second 
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absolutely critical capability area. This 
involves two subsets. 

1. Environmental Tolerance— soft- 
ware “ranging” to compensate for 
warp, color, sag, finish, size pattern 
registration, and solder finish varia- 
tion must be included in the system 
to allow it to examine all your 
board types, reliably, from batch to 
batch. Make sure you ask to see these 
abilities demonstrated on your 
boards; several current users of 
immature technology now wish they 
had. 

2. Board Teaching/Set-up— set-up 
time and operator ease of use can 
make the difference between go and 
not go, and your second and third shift 
operators must know how to run the 
equipment. Ask to teach a board and 
have it inspect reliably. Don’t buy un- 
til you’re satisfied with this capability 
issue or you will regret it later. 


FEATURES 

• Speed— is important for your 
throughput requirements. Make an 
apples-to-apples matrix to compare 
speeds you’ve had demonstrated on 
your boards. Don’t believe specs 
yet— many are still mostly hype. 

• CAD Downloading— the ability to 
CAD download inspection locations 
reduces 60-80 percent of your 
teaching time and is a tremendous 
advantage. 

• Factory Networking— board data 
uploading and downloading to/from 
hosts and repair stations is critical in 
packaging a turnkey system. 

• In-line Capability— a self-contained 
transfer system allows you to run in 
line, increase throughput, and reduce 
operator intervention. 

• Statistical Error Analysis— a com- 
prehensive error tracking and trend 
analysis package is handy to track your 
process and back up management 
reports. 

When you go out exploring FIS alter- 
natives, look for these capabilities and ask 
to see them demonstrated on your boards 
with your help, so you can compare the 
status of the machine as far as production 
readiness. As a final test, ask how many 
units the supplier has in the field, talk with 
at least two to three reference sites, and 
visit one if possible to see a system in oper- 
ation and talk to a user. Face to face inter- 


action yields much more reliable informa- 
tion than phone recommendations. When 
all is said and done and you have reviewed 
all the capabilities and features, ask about 
the price tag for the full set of operating 
capabilities you want, and run an ROI to 
check for justification. Technology is 
useless to you if you can’t cost-justify it. 

Control Automation’s InterScan Fami- 
ly of Turnkey PCB Inspection Systems are 
examples of turnkey systems that work. 
Each of the systems is push button con- 
trolled and menu driven, and is designed 
for particular tasks within the pre-wave- 
solder through-hole inspection and post- 
wave SMT inspection niches. Each system 
is designed for both off-line and in-line 
operation, and has embedded in it en- 
vironmental calibration routines, statistical 
data and analysis algorithms of operation, 
and redundant hardware and software 
modules to guarantee the highest possible 
reliability. The systems are low-cost, and 
designed for a one-year or less payback on 
the average PCB line. With over 40 
systems installed in the company’s first 
year, dozens of reference accounts and 
sales, and installation and service provid- 
ed by Control Automation’s partner, 


Universal Instruments Corporation, the In- 
terScan systems are established, market 
leading products. 


CONCLUSION 

FIS is rapidly being accepted in the SMT 
and PCB industry as a necessary, viable 
and highly cost-effective addition to the 
quality tools currently available to PCB 
production and test organizations. Several 
applications have seen successful and 
reliable products introduced, and more are 
on the way. A knowledge of your defect 
inspection priorities and a careful vendor 
evaluation will result in a successful in- 
stallation of a new, but proven, technology. 
FIS promises to shake up the industry and 
provide a fresh approach to cost reduction, 
quality enhancement, and winning in the 
marketplace. 

Scott T. Jones is Vice President of Marketing for Con- 
trol Automation. 


Reader Feedback 

To rate this article, circle the appropriate number 
on the Reader Service card. 

1 11 21 

Excellent Good Fair 


LEARN LISP 

Interactively and Write “Realistic” Programs 
with TransLISP-PC for Only $75 

A “COMMON LISP” compatible Tutorial , Interpreter , Debugging , and 
Pretty Printer plus a Fast , Full Screen Editor, Samples and Help 
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A complete, modular tutorial helps you 
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□ Write Realistic Programs: 

Short examples and substantial programs of 
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cepts needed to write programs of 1000 
lines or more. 
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tegrated, interactive environment provides 
all of the elements needed to enter, modify, 
analyze and debug programs. 

□ Natural Language, Expert Systems and 
Mailing List: 

Natural Language concepts are illustrated 
by a phone number retrieval program. 
Choose the best word processing program 
for you with the Expert System. File handl- 
ing and typical data processing work are 
demonstrated by a Mailing List program. 
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Artificial Intelligence— 
The Achilles Heel of 
Robotics and 
Manufacturing 


Surveying the state of manufacturing 
technology, of which robotics is only a 
part, albeit an important part, an automa- 
tion expert cannot help noticing gaps that 
represent weak links in the manufacturing 
chain. C1M (computer integrated manufac- 
turing), while a much heralded technology, 
represents a goal to be attained rather 
than a reality; integration is precisely what 
is lacking. Making robots and other 
systems needed in manufacturing more in- 
telligent will not in itself lead to a higher 
degree of automation. To achieve this, 
technological solutions are needed that 
enable us to forge stronger links in the 
manufacturing chain. This metaphor is, 1 
believe, appropriate, for it is the linkages 
in manufacturing that are resisting 
automation. These linkages represent the 
transitions between different phases which 
demand human information processing 
that are presenting the greatest challenges 
to automation and will continue to do so 
for the foreseeable future. Artificial in- 
telligence (AI) is the principal technology 
resource for resolving these bottlenecks. 
This writer’s contention is that it is not suf- 
ficient for AI to be integrated into isolated 
systems such as robots, but that in- 
telligence must be distributed at strategic 
points throughout the manufacturing 
system. Especially important is intelligent 
communication between different phases 
of the entire operation. These points will 
be taken up in due course. 
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N.S. Rajaram, Ph.D. 

Department of Industrial Engineering 
University of Houston-University Park 
Houston, TX 77004 

In manufacturing automation, as with 
many human activities, we have taken the 
path of least resistance, i.e., we have been 
automating what we know how to, rather 
than what really needs to be automated. 
The difficulty starts right at the beginning 
when designs are produced on CAD (com- 
puter aided design) systems. While CAD 
systems have given great freedom to the 
designer, they have not increased manu- 
facturing productivity to any significant 


Designs produced on 
CAD frequendy fail 
simply because the designer 
is not fully aware of 
the constraints in 
manufacturing. This lack 
of manufacturing knowledge 
leads to a lot of unnecessary 
work for production 
planning and control 
personnel 


degree. A fundamental weakness of CAD 
systems is their lack of manufacturing 
knowledge. In addition, representations 
used in CAD are strongly graphics 
oriented, and are much too weak for 
generating manufacturing processes. The 
key is representations. CAD systems 


typically represent objects as arrays of 
numbers, representations which present 
considerable difficulties in turning such 
designs into processes for production or 
manufacturing. Also, designs produced on 
CAD frequently fail, simply because the 
designer working with the CAD system is 
not fully aware of the constraints of 
manufacturing. This lack of manufactur- 
ing knowledge leads to a lot of unnecessary 
work for production planning and control 
personnel who will need to examine and 
reject designs for lack of manufacturabili- 
ty. Thus, CAD systems can create bot- 
tlenecks in manufacturing. The reasons 
are partly historical. CAD technology has 
been pioneered by the defense aerospace 
industry, an industry in which design is 
paramount; it is the design which is sold 
to the customer and the customer pays for 
the installation of the manufacturing 
capacity. Consequently, CAD systems were 
originally developed to gain a competitive 
edge in selling designs, there being little 
competition for the manufactured prod- 
uct— a situation vastly different from the 
one prevailing in the manufacturing in- 
dustry. Thus, it appears that CAD tech- 
nology is solving problems for the aero- 
space industry but is leading to manufac- 
turing bottlenecks in other industries, such 
as the automotive industry. The bottle- 
necks are especially troublesome during 
the transition from design to manufactur- 
ing. If the Japanese seem to experience 



less difficulty in this process than we do 
in the U.S., I believe it is because in Japan 
manufacturing people are involved quite 
early in the design phase. This enables 
them to make a smoother transition from 
design to manufacture. 

A simply stated, but by no means sim- 
ple solution, is to incorporate manufactur- 
ing knowledge into the CAD database 
itself. This calls for the use of much more 
powerful representation schemes in CAD. 
This is a prime candidate for AI 
technology, for AI researchers have 
developed an extremely rich range of 
representation schemes. Summarizing our 
discussions so far: 

• Representations used in CAD systems 
are much too weak, and often lead to 
designs which cannot be manufac- 
tured. Representation methods used 
in AI can go a long way toward enabl- 
ing much more powerful CAD systems 
with knowledge bases than those with 
only data bases. 

• CAD systems lack knowledge about 
the subsequent phases of operation. 
Once again, AI methods offer the tools 
necessary for integrating such know- 
ledge into the CAD knowledge base. 


The key requirement of 
manufacturing automation 
can be stated quite simply: 
from a given design, which 
is a static piece of 
information, we should 
automatically be able to 
generate a sequence of 
manufacturing processes 
that are inherently 
dynamic. 


The key requirement for manufacturing 
automation can be stated quite simply: 
from a given design, which is a static piece 
of information, we should be able auto- 
matically to generate a sequence of 
manufacturing processes that are inherent- 
ly dynamic. In particular, it should be 
possible to generate the following: 

• Processes needed to manufacture the 
designed product 

• Tool paths, cutting speeds, time stan- 
dards, and other necessary parameters 

• The sequence of machining and other 
operations to be performed 


• A schedule of the routing of the parts 
on the factory floor and the necessary 
numerical control programs for the 
various machines in the sequence 

• Robot motion sequences to be ex- 
ecuted at each robot station, and con- 
trol and communication between 
various machines, robots, conveyors, 
and so forth 

I hope this clarifies the point made 
earlier that the main difficulty to be over- 
come in achieving CIM is automation of 
transition operations. Before looking at 
the AI technology in greater detail, let me 
enumerate the tools or resources that it 
provides. 

• Procedural representations. AI lan- 
guages make no distinction between 
data and programs. This enables pro- 
grams to be manipulated as ordinary 
data elements, and also permits data 
to behave like programs. For example, 
in the AI language LOGO graphical in- 
formation can be represented as proce- 
dures for executing motion sequences. 

• Object-centered programs. Since AI 
languages treat data and programs in 
the same way, it is possible to assign 
programs as values of variables. This 
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makes it possible for objects to carry 
several procedures as attributes. For 
instance, it is possible to make an ob- 
ject carry all the programs needed to 
manufacture it. 

• Rule based programs. One of the ma- 
jor applications of AI is solving prob- 
lems in specialized areas such as 
medicine, organic chemistry, and 
molecular genetics. These are pro- 
grams which reason, using rules and 
symbolic information, and are known 
as expert systems. They are likely to 
play a major role in many application 
areas, including manufacturing. 

♦ Data driven programming. AI pro- 
grams are frequently data driven, i.e., 
the sequence of instructions (usually 
rules) executed by the program 
depends upon the input to the pro- 
gram. This means that a particular 
program can follow different seman- 
tics for different data inputs. 

While all these are available to one in- 
terested in applying AI methods to prac- 
tical problems, only expert systems are 
capturing the attention of workers in other 
fields. While I have no intention of 
underestimating the importance of the 
powerful technology of expert systems, it 
nevertheless appears to me that manufac- 
turing experts are focusing on the super- 
ficial novelty of such systems to the exclu- 
sion of other resources of AI technology 
and are hoping that expert systems will 
prove to be a panacea. Unfortunately, 
reality will prove to be quite different. 
What is needed is a pragmatic examina- 
tion of the bottlenecks and a determina- 
tion of the approaches and technologies 
needed for their solution. Previous ex- 
perience with AI problem solving has 
shown that representations are the key. It 
will be no different in robotics and 
manufacturing. 


ARTIFICIAL INTELLIGENCE 
IN THE FACTORY 

As noted earlier, the key to computer 
integrated manufacturing is the distribu- 
tion of intelligence at strategic points 
throughout the manufacturing process. 
Further, there needs to be intelligent com- 
munication between different systems. An 
example of intelligent communication is 
for a robot to change its own control pro- 
gram in response to a change in the speed 
of the conveyor carrying the parts to the 
robot. A robot is, of course, only one of 


Less reliance should 
be placed on the “ structure ” 
of organizations that are 
likely to change, and more 
should be devoted to the 
education of individuals and 
groups making up the 
organization. 


many computer-controlled systems in a 
large manufacturing operation. To be able 
to reprogram the entire operation “on the 
fly” with a minimum of interruption would 
be a significant advance since it would per- 
mit changing the product line without hav- 
ing to shut down the whole plant to 
reprogram the subsystems individually. 
Consequently, to be able to develop the 
entire manufacturing plan and all the 
necessary software at the CAD workstation 
itself and then download it to the machines 
on the factory floor would have tremen- 
dous implications for productivity. This 
again suggests that we need uniform and 
powerful computer representations for 
designs, plans, and manufacturing pro- 
cesses, to facilitate the transition from one 
phase to the next. This scenario, in addi- 
tion to generating major productivity gains, 
is likely to lead to far-reaching changes in 
the way we work, and in the structure of 
management organizations themselves. In 
the long run, the impact of AI and automa- 
tion is likely to be greater on the manage- 
ment and organizations than on the fac- 
tory floor. 

Robotics technology as it exists today 
exhibits several glaring shortcomings that 
need to be remedied before totally 
automated plants can be built for anything 
but the simplest of products and the flex- 
ibility be provided to change the product 
mix, or even the product itself, with a min- 
mum of interruption. Since we are con- 
cerned here with the relevance of artificial 
intelligence, I will discuss only the cogni- 
tive aspects of robotics, as opposed to 
issues of mechanical design and servo 
control. 

An unrecognized weakness of the cur- 
rent generation of robots is that they have 
to be programmed individually; a robot 
program developed from a mathematical 
model, when loaded onto a robot, usually 
does not produce the motion sequence as 
planned and predicted in deriving the pro- 
gram. This means that each robot is an 
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“individual,” and programming a robot is 
somewhat akin to teaching. 

This has several major ramifications. 
First, the programs developed for one 
robot cannot be used on a different robot 
to perform the same task. The situation 
is similar to having some software for per- 
sonal computers producing different 
answers on different computers for the 
same input. Such unpredictability clearly 
precludes off-line programming in any real 
sense. This means also that there can be 
no “application software” that can be used 
on a large number of robots. One concep- 
tually appealing solution is to use AI to 
provide the robot with knowledge at dif- 
ferent levels of abstraction so that it is 
aware of the generic nature of the task as 
specified by the application, as well as the 
necessary modification to the program as 
demanded by its own idiosyncrasies. This 
calls for each robot to be provided 
with a certain degree of “self awareness.” 
In theory, this can be done by providing 
each robot with a “self awareness package” 
consisting of a database of its performance 
in executing a few basic motion elements. 
It would then be the robot’s responsibility 
to express the desired application, as 
specified by the application package, in 
terms of the basic motion sequences in its 
database and to adjust the parameters ac- 
cordingly. As can readily be seen, we are 
speaking of quite sophisticated AI capabili- 
ty, in effect requiring the robot to generate 
plans to adapt itself to new tasks as they 
are assigned. This leads us to a second ma- 
jor weakness of present-day robots. 

Robot programming languages, which 
provide the link or the communication be- 
tween the task and control, are very low 
level, typically being at the robot joint 
level. Each task must be analyzed in ex- 
cruciating detail and expressed in terms 
of individual joint motions. This “task 
planning” is the responsibility of the robot 
programmer. 

AI has the potential for automating 
many of the task planning functions. Clear- 
ly, the development of task level languages 
is closely related to the problem of mak- 
ing a robot generate its own plan. Any 
research done in obtaining representation 
and rules for generating plans will likely 
be of benefit in both of these areas. Some 
previous research into plan generating 
systems has used a branch of mathematical 
logic known as predicate calculus. While 
some of that research is quite impressive, 




predicate calculus, as a formalism, seems 
to be inherently unsuitable for applications 
in situations where numerical accuracies 
and calibration and tolerance require- 
ments are central, as they invariably are 
in robotic applications. 

Finally, a third basic problem with 
robots today is their inability to adapt their 
behavior to changes in the environment. 
This difficulty is usually overcome by 
careful engineering of the environment, an 
approach clearly not feasible in applica- 
tions where the environment cannot be 
controlled. For instance, one can cite 
numerous applications in hazardous en- 
vironments, such as outer space, the ocean 
floor, off-shore platforms, polar regions, 
and so forth, where robots could be 
justified on both economic and human 
safety grounds if the technology were 
available. Computer vision technology is 
showing considerable promise for robotic 
applications such as assembly, arc welding, 
inspection, and several others impossible 
without vision. It is necessary, however, to 
keep computer vision technology in 
perspective, for vision systems are fairly 
specialized and some fundamental ques- 
tions on representation and programming 


To be able to 
reprogram the entire 
operation “on the fly f ’ with 
a minimum of interruption 
would be a significant 
advance since it would 
permit changing the product 
line without having to shut 
down the whole plant to 
reprogram the subsystem 
individually. 


have to be answered before we can speak 
of “robots with vision” in any meaningful 
sense. Once again, the problem seems to 
be one of transitions, namely, the transi- 
tion from a “low level” image consisting 
of an array of reflectance values to a “high 
level” symbolic description of the contents 
of a particular scene. 

The use of AI to enhance the in- 
telligence of robots does not, by itself, lead 
to productivity gains in manufacturing. At 
least as important are obtaining powerful 
representations to facilitate transitions 
from one phase to the next, the distribu- 


tion of intelligence at strategic locations 
in the entire operation, and communica- 
tion between various systems and sub- 
systems. Further, both the organization 
and the humans making up the organiza- 
tion will have to make the transition to 
both a new structure and to new styles of 
work, which is likely to prove the greatest 
challenge of all. 


TECHNICAL AND HUMAN 
CHALLENGES 

We have been looking at the potential 
role of AI in resolving bottlenecks in 
manufacturing automation from the per- 
spective of the factory floor and with par- 
ticular emphasis on robotics. One change 
that seems to be an inevitable result of 
computerized automation is that manufac- 
turing will shift from a “materials based” 
to an increasingly “knowledge based” ac- 
tivity. Herein lies the importance of AI, for 
AI is a prime technology resource for the 
creation and manipulation of knowledge. 
But the impact of AI is likely to go far 
beyond the factory floor and to permeate 
the functions and activities of information 
workers such as managers, engineers, 
planners, and all the others who make up 
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a productive organization. Clearly, 
transformations of this magnitude are 
bound to present challenges at all organ- 
izational levels. The question naturally 
arises: how best to make the transition to 
an organization dominated by the process- 
ing of information and knowledge? We can 
here attempt to address some of these 
questions. It is to be noted that the con- 
clusions to be presented are by their very 
nature bound to be somewhat speculative, 
and should be regarded as the result of “in- 
formed guesswork.” 

Since the issues involved are quite com- 
plex both individually and in relationship 
to one another, it is convenient to focus 
on the following factors to better under- 
stand the global implications of these tech- 
nologies. 

• Technological Factors. Artificial in- 
telligence as a field is extremely broad 
in its scope, but only two aspects are 
germane to this discussion, namely, 
Knowledge Based Systems and In- 
telligent Communication. 

• Management Factors. Integration of 
sophisticated computer and com- 
munications technologies, including 
knowledge based technologies, into an 
organization requires reorientation at 
both the individual and the organiza- 
tional levels. In particular, it can be 
expected that frequent reeducation of 
personnel and reorganization of de- 
partments and other groups will be 
necessary. Perhaps the greatest 
challenge for the senior management 
will be to foster a corporate culture in 
which reeducation, career changes, 
and frequent reorganizations are ac- 
cepted as a way of life. 

• Operational Factors. Management and 
control in the face of so many changes 
will require imagination and fore- 
thought. There are at least two con- 
siderations that must be borne in 
mind. First, less reliance should be 
placed on the “structure” of organiza- 
tions that are likely to change, and 
more devoted to the education of in- 
dividuals and groups making up the 
organizations. The guiding principle 
for choosing a particular structure for 
an organization should be optimizing 
the flow and sharing of knowledge. 

Technological Factors: Myths and Reality. 

Before one can study the impact of 
knowledge based (or AI based) techno- 


logies on the operations of any organiza- 
tion, it is essential to place technological 
advances in their proper perspective. 
Because of the large amount of publicity 
being generated by the popular media, as 
well as by the AI companies, a picture of 
the emergence of something totally new 
and profound is being foisted on the 
public. While it is not my intention to 
underestimate either the power or the im- 
portance of knowledge based technologies, 
the reality is that AI is a natural evolution 
in computer applications, with its own 
specialized formalisms and scope. With a 
few notable exceptions, most knowledge 
based systems today are isolated systems, 
demonstrations of such technologies, 
potential rather than real-world application 
systems. The simple fact that computer vi- 
sion systems, also the result of AI research, 
are finding increasing application in 
manufacturing suggests a similar evolution 
for applications of other branches of AI as 
well. As with vision systems, systems based 
on knowledge based technologies can find 
fruitful applications in industry only when 
used in conjunction with other systems. In 
other words, for knowledge based techno- 
logies to realize their full potential and 
make their contribution toward manufac- 
turing automation, systems integration will 
be the key. 


While most of the 
attention is being given to 
the technological promises 
of knowledge based 
technologies, the major 
challenges in exploiting 
their potential will prove 
to be managerial, for 
technology can advance no 
faster than our ability 
to manage it 


From the applications point of view, AI 
can be seen to consist of methods that can 
lead to the design of two kinds of systems: 

1. Problem solving and decision mak- 
ing systems which process symbolic 
information, also known as expert 
systems. 

2. Systems capable of intelligent com- 
munications, namely, vision systems 
and speech and natural language 
understanding systems. 


At present, AI systems are quite special- 
ized; they use domain specific knowledge 
to solve individual problems in that do- 
main. In general, regardless of the type 
of AI technology used, the chances of suc- 
cess are better if one attacks narrow prob- 
lem domains. This is not necessarily a dis- 
advantage, because one can establish a 
distributed network of communicating 
knowledge based systems with each system 
working within its own specialized domain 
but communicating with other systems 
under the supervisory control regime of a 
supersystem. Human interface and 
management control should preferably be 
via natural language man-machine sys- 
tems. In fact, this might be the only way 
in which a large organization can gain the 
productivity advantages of integrating 
knowledge based technologies throughout 
the organization and at the same time 
maintain management control. The need 
for systems integration is self evident. 
Everything in this scenario is probably 
within the scope of AI technology as it ex- 
ists today. 

The scope and the state of applications 
of the AI technologies can be broadly sum- 
marized as follows: 

• AI technology is not new. Methods be- 
ing used in knowledge based systems 
go back a decade or more. It is the 
dramatic drop in the cost of com- 
puting that is making it feasible and 
cost-effective to produce systems 
based on such technologies. 

• Commercial applications of knowledge 
based methods will come about only 
through systems integration. While 
there are AI software and services 
companies attempting to address this 
market, they lack the necessary ap- 
plications base and the systems in- 
tegration capability to produce serious 
applications. 

• While expert systems are getting the 
major share of attention, it is likely 
that intelligent communication will 
prove to be equally important in com- 
mercial applications of knowledge 
based technologies. One application 
such technology promises is in 
establishing communication between 
incompatible CAD systems. 

Management Factors. While most of the 
attention is being given to the technolo- 
gical promises of knowledge based 
technologies, I believe the major chal- 
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lenges in exploiting their potential will 
prove to be managerial, for technology can 
advance no faster than our ability to 
manage it. My observations are based on 
personal experience in efforts at establish- 
ing knowledge based organizations, initial- 
ly unsuccessful, and later, relatively suc- 
cessful, at a high technology company and 
the NASA Mission Control Center. In ad- 
dition, I have been either involved with, 
or a close observer of similar efforts at 
other organizations. The lesson I have 
drawn is that organizations attempting to 
“get into” knowledge based technologies 
tend to overestimate the technical dif- 
ficulties and underestimate the manage- 
ment challenges. Many professionals will 
view this new technology as a threat. The 
following factors must be carefully weighed 
in planning for knowledge intensive organ- 
izations, or attempting a transition to such 
an organization: 

• Confusion Factor. A major source of 
error is the prevailing confusion be- 
tween technical and management 
problems. Many of the knowledge 
based systems were products of univer- 
sity research and there is a widespread 
tendency to follow not only the meth- 
odology, but also the organization of 
university research labs. While this 
might be reasonable in a corporate 
research lab, it is entirely inap- 
propriate for an organization involved 
in practical applications. What are 
technical problems in a laboratory fre- 
quently become managerial problems 
in systems engineering. 

• Threat Factor. The perceived threat 
is two-fold. First, there is the threat 
of a profession’s becoming obsolete 
due to a new technology. Second, 
there is the threat of organiza- 
tional changes forcing new ways of do- 
ing things. Since knowledge based 
technologies impact information pro- 
cessing professions, these threats will 
be felt by both managers and profes- 
sionals, especially at the middle level. 

• Personnel Factor. It is neither feasi- 
ble nor desirable to build a knowledge 
based technical capability primarily 
through recruitment. First, it is much 
easier to take existing personnel with 
applications knowledge and exper- 
ience and train them sufficiently in AI, 
which will enable them to turn their 
expertise into expert systems, than it 
is to bring in outsiders and familiarize 


them with the problems and opera- 
tions. Second, it is good for employee 
morale, since anyone going through 
such an experience will have acquired 
a new and valuable skill. Education is 
the single most important tool. At pre- 
sent, it is unrealistic to expect outside 
consultants to produce useful AI based 
application packages. Building expert 
systems requires detailed knowledge 
of the application. 


Organizations attempting 
to “get into” knowledge 
based technologies tend 
to overestimate the 
technical difficulties 
and underestimate the 
management challenges. 


Operational Factors. We have so far 
outlined the technical aspects and the 
management problems in developing an 
organization built on knowledge intensive 
technologies. We shall now look briefly at 
how to achieve the necessary transforma- 
tion in an existing organization. While new 
technologies bring new opportunities, if 
the right leadership does not exist the 
problems are likely to outweigh the poten- 
tial benefits. This leadership is less a mat- 
ter of a few superstars than it is the diffu- 
sion of knowledge, awareness, and leader 
mentality at all levels of the organization. 
It is the responsibility of the top manage- 
ment to foster such a culture. The major 
challenge will be adaptation to change, 
both at the individual and the organiza- 
tional levels. Challenges and opportunities 
exist at both levels: 

• Most individuals will have to make 
several career changes during their 
professional lives. For instance, a per- 
son who is an expert in a specialized 
field, and whose expertise can be 
turned into an expert system should 
be given the opportunity, through 
retraining, to be the expert system 
designer. This approach is good for 
employee morale, and instead of 
becoming a victim of obsolescence, 
the employee acquires a valuable new 
skill of both personal and organiza- 
tional benefits. 

• Similar opportunities should be pro- 
vided to all professionals whose 
careers are threatened by the infusion 


of knowledge based technology; de- 
mand for education within organiza- 
tions will continue to increase. 

• This education need will be quite 
focused and unlikely to be met by 
universities, which are too slow to re- 
spond to changes in the needs of the 
outside world. New opportunities will 
thus be created for retrained profes- 
sionals, some of whom might become 
education professionals within the 
organization, helping others make 
similar transitions. 

Organizations will also have to change 
with the changes in technologies and 
market conditions: 

• Organizations should place less 
reliance on “structure” than on func- 
tion to ensure an optimal exchange 
and flow of knowledge. 

• The effectiveness of any organization 
will depend upon the education of in- 
dividuals at all levels, so that they 
understand the underlying reasons for 
structural changes. 

• In making organizational changes, the 
guiding principle should be to op- 
timize the flow and sharing of 
knowledge. 

In summary, the major benefits of AI 
and knowledge based technologies will 
come about only through systems integra- 
tion. The major impact of these techno- 
logies will be to bring changes in the pro- 
fessions and management. The principal 
resource for meeting these challenges is 
education at all levels of the organization. 
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Geometry of the Robotic 
Workplace and the 
Homogeneous Representation 

Robert E. Parkin, Ph.D. 
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In spite of the fine work available (1-9), the geometry of robotic position and movement is confusing to many. The problem seems 
to lie in the distinction between a point and a vector, the meaning of a plane in three-dimensional space defining the surface 
of an object, the definition of a line, etc. In short, there are confusing differences and/or omissions in the work of various authors. 
The weakest area is in the use of planes, since their use seems inhibited; it is as if what has been derived is not universally ap- 
plicable. However, the extensive use of planes (10, 11) leads to a simpler specification of robot position and permits the mathematics 
of imaging (and so remote control) to be unified. 

A vector has direction and length but not location. To define the position of a point in space we need four quantities, although 
only three are independent (7, 12); it is possible to use the fourth quantity by implication, but this will be shown to be troublesome. 
A plane is often defined from the vector cross product (13), but the result has orientation without position. A plane is defined 
in the homogeneous representation as p = [a b c d], and its position in space is fixed; only three of these quantities are independent. 
A point or a plane specified by four quantities (a four-tuple) is said to be in the homogeneous representation. Point u in three- 
dimensional space is then defined as [x y z s]L where s is any finite number and superscript t denotes transposition; if s is zero, 
then u is considered a vector. 

The homogeneous representation derives its name from its ability to specify position in three-dimensional space without resort 
to a separate restriction equation. The transformation produced from the four-tuples produce 4x4 matrices called homogeneous 
transformations that can provide for every kind of transformation (translation, rotation, scaling, and imaging) within a single matrix 
(7). It will be shown that this is sometimes inconvenient and is avoided. 


POINTS 

A point in three dimensional space is 
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The distance of the point from the origin is \f x 2 + y 2 + z 2 /s, so [x y z s/2] 1 is twice the distance from the origin as [x y z s] 1 . 
Without loss of generality we will use s = l when we specify points. 


The distance between two points 
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is D = \/ (u x - v x ) 2 + (u y - v y ) 2 + (u 2 - v z ) 2 


( 1 ) 


LINES 

A straight line in three-dimensional space can be defined parametrically as u + a(v-u) where u and v are points on the line. 
The intersection of two lines in two-dimensional space will always occur provided the two lines are not parallel. In three-dimensional 
space it is unlikely that two lines will intersect due to round-off or experimental error; an averaging scheme is used to estimate 
the most likely point of intersection. 
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Given line u+«(v-u) and point [x y z 1]*, the distance of a point on the line from this point is 
D 2 ={(l-a)u x + av x -x} 2 + {(l-a)u y +av y -y} 2 + {(l-«)u z + av z -z} 2 
3D 2 

and — = -2u x {(l-»)u x +av x -x} -2u y {(l-a)u y +av y -y} -2u z {(l-a)u z +av z -z} =0 at a maximum or a minimum. 

u 2 + u 2 + u 2 - u y x - u v y - u.z 

Thus a= — — l — 2 — l — 

u 2 +u 2 +u 2 -u x v x -u z v z 

In a similar manner the minimum distance between two lines can be found. 


PLANES 

Planes Pi = [ai bi Ci dd and p 2 = [a 2 b 2 c 2 d 2 ] are parallel if ai = aa 2 , bi = ab 2 , Ci = ac 2 for any non-zero a; planes P! and p 2 are 
the same if additionally di = ad 2 . Although four quantities define a plane, only three and any three of them are independent. In 
dealing with robot joints it is convenient to normalize the length of the vector partially defining the plane to unity, i.e. a 2 +b 2 +c 2 = 1, 
and then refer to the plane as normalized. 

Vector [a b c]* is orthogonal to the plane [a b c d], so the angle (minimum) between two planes [ai bi Ci dj and [a 2 b 2 c 2 d 2 ] 
is given by the cross product 
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Points and Planes. A point u = [x y z 1]* lies in the plane p = [a b c d] if pu = 0, i.e. ax + by+cz + d = 0. The plane will intersect 
the z axis at x=0, y=0, for which cz+d=0, or z=-d/c. Similarly, the plane will intersect the x and y axes at -d/a and -d/b respec- 
tively. If d=0 the plane intersects the origin. Plane [1 0 0 0] is the y-z plane passing through the origin. 

Three points [u^u^uj, 1]*, i = l, 2 and 3 can define plane p = [a b c d] from the cross product of the two vectors formed as the 
difference between two different pairs of points, i.e. 
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Geometrically, we notice that if the angle between the two vectors of the cross product is zero, then a=b = c = 0, but this is 
not permitted in the specification of a plane. This requirement means that the vectors in the cross product must be linearly in- 
dependent (so the three points must not lie on a straight line in three-dimensional space) if these three points are to be used 
to define a plane. The specification of the plane is completed by setting d= -[auj ( +buj ? + cup, for i = l, 2, or 3. 

A family of parallel planes can be described by a unit vector /u== [/l i x fx y which is orthogonal to the planes in this family. 

The family of planes is given by p = [m x M y M z d] where d is arbitrary. A specific d produces a unique plane. Suppose p is required 
to pass through point [x y z ] then d= -pi x x - \x y y - \x z z. 

Location of a Plane with Respect to the Origin. The line from the origin to the point on the plane at a minimum distance from 
the origin must be normal to the plane, and so has a direction the same as the vector [a b cf partially defining the plane; the 
line from the origin is 
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which intersects plane at [a b c d] at aa 2 + crb 2 + ac 2 +d = 0, or a = -d. 


The distance of point 
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from the origin is 
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In a similar manner, the minimum distance from any point to the plane can be established. 
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Intersection of a Line and a Plane and the Minimum Distance from a Point to a Plane. The point of intersection of the line 
u + a(v-u) with the plane p is given by 

p{u + a(v-u)}=0, so a= - (5) 

p(v-u) 

Suppose we wish to find the minimum distance of point u = [x y z If from the plane p=[abcd]. Vector [a b c] [ and point 
u define the line u + a[abc O] 1 and this line must intersect the plane at point v such that the distance between points u and 
v is a minimum. The line intersects the plane at pu + ap[a b c 0^=0, 


so a= - pu and v=u-pu 
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( 6 ) 


Position of a Plane with Respect to a Point and the Origin. The line joining a point u=[xyz If to the origin is (l-a)u+ a [ 0 0 0 If. 
This line intersects plane p = [a b c d] at (l-a)pu + ad=0, the location of the point of intersection of the plane on the line is 
given by 

P u 


If a 


pu-d 

< 0 the plane is outside u with respect to the origin, 

= 0 the plane passes through u (pu=0), 

= 1 the point is at the origin (d=0), 

> 1 the point is on the other side of the origin with respect to p. 


(7) 


Intersection of Planes. The line of intersection of two planes will intersect another plane provided the angle between the vector 
specifying the direction of the line and the vector partially specifying the plane are not orthogonal. Except for the degenerate 
case when p x or p 2 is parallel to the x-y plane, the line of intersection of the two planes Pi = [ai bi Ci dj and p 2 = [a 2 b 2 c 2 d 2 ] 
must cross the x-y plane at z = 0. At the x-y plane, 


[a, b, Cj dj 


=0, i = l and 2, so 


a i 

b,' 

V 


dr 


"Xi" 

-i 

a* 

to 

1 

cr 

i 

d,' 




= - 


or 


- 




b2 

yi 


d2 


yi 

aib 2 — b x a 2 

-a 2 ai 

d 2 


( 8 ) 


If the determinant (a 1 b 2 -b 1 a 2 ) is zero, x x and y T cannot be found since the line of intersection is parallel to the x-y plane. Similarly, 
the line must cross (except for the degenerate case) the x-y plane at point [x 2 0 z 2 If and the y-z plane at point (0 y 3 z 3 If, where 
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Thus, regardless of any degeneracy, we have determined the line of intersection. 


NONSINGULAR TRANSFORMATIONS 

Suppose point u is transformed to point v by operation A, then v = Au, where A is a nonsingular, 4x4, transformation matrix. 
A can transform (3-7) u to v by adding a vector (translation), rotating u with respect to the origin, scaling the point u with respect 
to its distance from the origin, inverting or imaging (as with a camera lens). Some movements are inconvenient to describe in 
terms of a single matrix (the homogeneous transformation); for example, the transformation involving the addition of a rotated 
vector to a point is better specified as the addition of two quantities. We will use the form that is most convenient in the application. 


Translation of Points and Planes by a Vector. The translation of point u = [x y z l] 1 by vector [a p yf is 
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and 


T' = 


1 0 0 -a 
0 10-/3 
0 0 1 -y 
0 0 0 1 


To translate a plane p we use q=pT' 1 , then qv=pT' I Tu = pu, so point v is on plane q if point u is on plane p. 


q=pT 1 = [a bed] 


1 

0 

0 

-a 

0 

1 

0 

-ft 

0 

0 

1 

-Y 

0 

0 

0 

1 


[a b c d'] where d'=d-aa-b/3-cy. 


Rotation by Angle 0 in Plane p. Given vector v=[v x v y v z ] 1 in plane p=[a bed] that is to be rotated by angle 9 about point 
v on plane p to become vector r\ as shown in Figure 1. Suppose we construct a normal to vector v from the end of r), then from 
Figure 1 we see |o| = jr)| cos 9 and jryl sin 9. Therefore 



The order of the cross product ensures that a clockwise rotation is positive. Vector a and unit vector [a b c]* are orthogonal, 
so |/3| = |k||a|, yielding |k| = |tan 0|. 



a 


0 -c b 


cos 0 -csin 6 bsin 0 

Thus r] = a+P = a + tan 6 

b 

‘c 

xa=vcos 0 + sin 6 

c 0 -a 
-b a 0 

V = 

csin 0 cos 0 -asin 0 
-bsin 0 asin 0 cos 0 


Rotation of a Point about a Line. Given an axis or line u-t-o(v-u) and point w, if the direction of the line is used to partially 
define a plane p which contains w, then p=[v x -u x v y -u y v z -u z d]. Rotation of w by angle 9 about the axial point with a de- 
fined by equation (2) will produce a new point u+a(v-u)+r] where with the aid of equation (12) vector 17 is 




’ cos 9 -(v z -u z )sin 0 (v y -u y )sin 0~ 
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(v z -u z )sin 0 cos 0 -(v x -u x )sin 0 
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-(v y -u y )sin0 (v x -u x )sin0 cos 0 


w z -u z -a(v z -u z ) 
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The x, y and z-axes are defined by 
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respectively, so a point on the x, y or z axis closest to a point w = 


W x 

w„ 


w„ 


is at a = l-w x , a = l-w y , and a = l-w 2 respectively. Rotation of w by angle 9 about the x-axis produces point 
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which is the result familiar to many (7). It should be pointed out that rotations about the major axes although extensively used 
(5,7,8) are not found to be so efficient and simple as rotation in planes (10) when applied to robotic movement (11). 


Scaling. Scaling by scalar factor m changes u into v=mu =um. The transformation can be written in homogeneous form as v=Gu 
where 


G 


m 



0 0 0 

m 0 0 

0 m 0 

0 0 1 


and G' 1 


1/m 0 0 0 

0 1/m 0 0 

0 0 1/mO 

0 0 0 1 


(15) 


(16) 


Imaging. The imaging of a point is what happens when light passes through a thin convex lens as shown in Figure 2. Light from 
point u is imaged to point v, and center point w of the lens is in line with these two points. The plane of the lens is p. If D i 
is the distance between points u and w and D 2 is the distance between point w and v, then 


— = — and so v=w- — (u-w), 

D 2 f D, D, ’ 


(17) 


where Df=(u x -w x ) 2 + (u y -w y ) 2 + (u z -w 2 ) 2 , 
and D|=(v x -w x ) 2 + (v y -w y ) 2 + (v 2 -w z ) 2 , 


Figure 2. When light passes through a thin convex lens, light from point u is imaged to point v, and center 
point w of the lens is in line with u and v. The plane of the lens is p. 



and where f is the focal length of the lens (the point to which all axial parallel rays of light will focus). Notice that Dj > f and D 2 > f. 

It would be desirable to express point v in terms of point u as in v = Mu, where M is some homogeneous matrix, but this is 
not possible (except for some simple cases when the camera axis is one of the major axes) due to the implicit nature of equation (17). 

An object can be defined in part as a collection of points in three-dimensional space. The transform will produce an image 
in three-dimensional space. The implication is that a clear image will be formed only at a film plane behind the focal point for 
a flat object parallel to the film plane on the opposite side of the lens. This is in contrast to the infinite depth of field that occurs 
in a pinhole camera. Provided that the object is small compared with its distance from the lens, the depth of field will not 
be a factor and the image can be captured in two dimensions without fuzziness. However, information is lost in the process because 
a three-dimensional object is imaged on a flat plane— this will be made evident when the pinhole camera is discussed. The non- 
singular transformation given in equation (17) does not lose information. 


SEQUENCES OF TRANSFORMATIONS 

Consider a sequence of translations and rotations on vector u such as v=L xf G m T a R y0 u (18) 
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This represents the following operations on u 

1. Rotation of point u by 0 within a particular plane. 

2. Translation of point R y0 u by vector a. 

3. Scaling of point T a R y0 u by scalar m with respect to the origin. 

4. Imaging of point G m T a R y0 u along the x axis with a lens of focal length f. 

However, nonsingular matrices of the form R y , T, G, and L x perform linear operations, and so 

u = R'!, T 1 G' 1 L ) v. ( 19 ) 

* x yd a m *-'xf 

Thus, L' xf images point v with a lens of focal length f, G'^ scales point L' xf v by 1/m, T* translates point G^L^v by -a with 
respect to the origin, and R y 0 rotates point T']G ^L X } by angle -0 within the plane. 

Matrices L, G, and T commute, meaning that these operations can be performed in any order without changing the final result. 
However, R matrices do not in general commute. The problems with the above approach are: 

A) Imaging matrices of the type L xf require the axis of the lens to be a major axis, whereas a more arbitrary axis is usually 
required. 

B) To determine the Euler angles to find matrices of the form R y0 is often inconvenient, particularly when considering 
the movement of a multi-axis revolute or cylindrical joint robot. Researchers are required to resort to complicated pseudo- 
axes at intermediate joints, a mechanism that is unnecessary using the methods advocated here. 

Notice that we cannot use rotations in a plane with homogeneous matrices in sequences such as given in equations (18) or 
(19) since we must be assured that the point post-multiplying the rotation matrix and the vector being rotated lie in the plane 
of rotation. This may be considered a major disadvantage over the Euler angle rotations about the major axes. However, it is 
found that determining planes of rotation is advantageous and solid angle rotations in planes is more efficient computationally 
than the Euler angle approach (10). Homogeneous equations can be used throughout when considering rotation with Euler angles, 
and these have the clean look of simplicity not verified by computational efficiency. 


PERSPECTIVE PROJECTION AND CAMERAS 

A perspective view is easy to obtain with respect to any plane p and focal point w as shown in Figure 3. A perspective projection 
is found by projecting from a point u on the object to focal point w and determining the point of intersection v of this line with 
plane p. The line between u and w is given by u + a(w-u), and the intersection of this line with plane p, as given by equation 
(5), is the point 

v = u — (w - u) = u - /3(w — u) = (1 -h/3)u — /3w (20) 

p (w-u) 

where scalar p is a function of object point u. Thus, we cannot write v as a function of u in explicit homogeneous matrix form. 
For some simple cases we can write the perspective projection in homogeneous matrix form where the matrix is singular, but 
find this too limiting. 


Figure 3. A perspective projection of an object is found by projecting from a point u on the object to focal 
point w and determining the point of intersection v of this line with plane p. 

A pinhole camera produces an inverted perspective projection with the same equation (20). Notice, however, that p and v have 
a different orientation in this case. Such a camera is shown in Figure 4. The camera is a box that is light-tight except for a single 
pinhole. A point on the film plane at the back of the camera will receive light from any point along the projection line so the 
depth of view is infinite. All points in front of the pinhole and along a line passing through it strike the film plane at a unique 
point. An ordinary lens camera will produce the same image as the pinhole camera, provided the lens aperture is very small. For 
most robotic work we assume that the image is in focus so equation (20) applies. 


Figure 4. A point on the film plane at the back of a pinhole camera will receive light from any point along 
the projection line, so the field of depth is infinite. All points in front of the pinhole and along a line passing 
through it strike the film plane at a unique point. 
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CONCLUSION 

The homogeneous representation has been shown to provide the appropriate basis for specification of the robotic workplace. 
On the other hand, the homogeneous transformation has been shown to be less efficacious in defining rotation or imaging. Most 
of the relationships needed to determine the geometry of a practical robotic system have been presented, enabling robots and 
objects to be modeled or imaged and so remotely controlled. For example, two independent camera images of a robot and its 
workpieces can be used to find the joint status of the robot and the true location of the workpieces in three-dimensional space. 

The way the geometry of the robotic workplace has been developed reveals a methodology that has been applied directly to 
robot kinematics (10,11). It is hoped that other researchers will find the techniques of use. 
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Originally $660 factory 
NOW ONLY $299* only 
SAVE OVER 50% 

The package price gives you the Scorpion kit with everything 
needed for assembly plus our 250-page assembly and operation 
manual (a $20 value) as a free bonus. 

The Scorpion is a versatile floor mobile robot that can be run 
from the RS-232C port of any computer, small or large. It is designed 
specifically for the serious robotic enthusiast who owns a personal 
computer and would like to experiment with robotics, artificial intelli- 
gence, machine intelligence, pattern recognition, and mobile robot 
theory. These activities are permitted by the Scorpion by virtue of its 
unique features, which include 2 drive motors, 4 bumpers with 2 micro- 
switches each, 2 programmable eyes, a speaker with tone and dura- 
tion programmability, a 2 axis optical scanner tha allows patterns of 
the brightness of the robot’s environment to be displayed on the CRT 
of the computer, and a 2 phase floor scanner that can be used to 
allow the Scorpion to track the floor environment in an intelligent 
manner. 


Enclose check or money order with order. VISA or Mastercard charges 
accepted. ‘Power supply not included. Shipping extra 
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Circle 44 


A Real-Time 
Three-Dimensional 
Vision System for 
Robotic Guidance 


James P. Simmons, Jr. 

Applied Scanning Technology 
1 988 Leghorn Street 
Mountain View, CA 94043 


As industry has gained experience using 
robots, it has been found that frequently 
robots cannot be used effectively without 
a machine vision system for guidance. Fur- 
thermore, in a growing number of in- 
stances a three-dimensional vision system 
is required for robotic guidance. Although 
many firms are marketing machine vision 
systems, only a small number of these 
systems have three-dimensional capabili- 
ty. Until now, a three-dimensional vision 
system small enough to fit on a robot arm 
yet provide truly real-time updates to the 
robot has not been available. 

The VLS-200 Solid State 3-D Vision 
System from Applied Scanning Tech- 
nology is such a system (Photo 1). It has 
a source sensor module (containing both 
a laser and a camera) which weighs less 
than four pounds, and it provides 240 sets 
of XYZ coordinates in 17 ms. 



Photo 1. The Source-Sensor Module of the VLS-200 
solid-state three-dimensional vision system contains 
both a laser and a camera. 


TYPES OF 

THREE-DIMENSIONAL VISION 

A variety of technical approaches for 
achieving 3-D vision have been in- 
vestigated. One approach is optical radar 
or ranging. It involves sending a beam of 
laser light to the object and measuring the 
time it takes to return. By doing this a 
large number of times, with each beam be- 
ing directed at a slightly different part of 
the object, a three-dimensional map of the 
object’s surface can be constructed. 
However, this approach requires measure- 
ment of the beam’s transit time in the pico 
second range, which is difficult. Also, op- 
tical ranging by its nature requires some 
time to construct one image since each im- 
age consists of a significant number of 
points. If, for example, a 400 by 400 ele- 
ment image is desired, and each element 
takes 100 ms to be developed, one entire 
image would take 16 sec. to construct. 
This approach is therefore not ideal for 
real-time updates, except for where only 
a few range data points are required. 

Another approach involves triangulation 
ranging of a point source of laser light. 
Here, a very small point of laser light is 
directed at the object and a camera 
mounted at a nominal 45 degree angle to 
the source detects the reflected light. 
Because the camera is at an angle to the 
laser, two-dimensional coordinates can be 
obtained. A large number of these points 


can be assembled to provide a three- 
dimensional map of an object’s surface. 
This approach is being used in a number 
of applications requiring extreme accuracy. 
Its main drawback is the relatively long 
time required to put together an image 
from the thousands of observed points. 
The time needed to construct one image 
is similar to that of optical radar as in- 
dicated above. 

A third approach, which is an extended 
form of laser triangulation ranging and the 
one used by the VLS-200, is called struc- 
tured light. It calls for directing a thin line 
of laser light (rather than a point) at the 
object to be mapped (Figure 1). The 



Figure 1. A thin line of laser light is directed at the 
object to be mapped. 
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1986 

Rochester 

Forth 

Conference 

June 10-14, 1986 
University of Rochester 
Rochester, New York 

The sixth Rochester Forth 
Conference will be held at 
the University of Rochester, 
and sponsored by the Institute 
for Applied Forth Research, 
Inc. The focus will be on 
Real-Time Artificial Intelli- 
gence, Systems and Applica- 
tions. 

Call for Papers 

There is a call for papers on 
the following topics: 

• Real-Time Artificial Intelligence 

•Forth Applications, includ- 
ing, but not limited to: real- 
time, business, medical, 
space-based, laboratory and 
personal systems; and Forth in 
silicon. 

• Forth Technology, including 
meta-compilers, finite state 
machines, control structures, 
data structures, Forth imple- 
mentations and hybrid 
hardware/software systems. 

Papers may be presented in either plat- 
form or poster sessions. Please submit 
a 200 word abstract by March 31st, 1986. 
Papers must be received by April 30th, 
1986, and are limited to a maximum of 
four single spaced, camera-ready pages. 
Longer papers may be presented at the 
Conference but should be submitted to 
the refereed Journal of Forth Application 
and Research. 

Abstracts and papers should be sent to 
the conference chairman: Lawrence P. 
Forsley, Laboratory for Laser Energetics, 
250 East River Road, Rochester, New 
York 14623. For more information, call 
or write Ms. Maria Gress, Institute for 
Applied Forth Research, 478 Thurston 
Road, Rochester, New York 14619 
(716) 235-0168. 



Figure 2. The system’s camera, viewing the object 
at a 45 degree angle from the laser line, produces 
a two-dimensional contour of that object. 



Figure 3. A series of rapidly produced, closely spaced 
two-dimensional contours produces a three- 
dimensional image. 


system’s camera again views the object at 
a 45 degree angle from the laser line, and 
detects a two-dimensional contour of the 
object (Figure 2). The resulting three- 
dimensional description is made up of a 
series of rapidly produced, closely spaced 
two-dimensional contours (Figure 3). 
Because of a line of light consisting of 240 
points, rather than one point of light, is 
employed, the system can construct an im- 
age on the order of 200 times faster. 

Development of this technology was first 
disclosed in 1975 by Weyerhaeuser Com- 
pany with Leon Chasson, now President 
of Applied Scanning Technology, desig- 
nated as inventor. U.S. Patent 4,188,544 
on structured light technology and the 
necessary calibration technique and high- 
speed digital preprocessor design, was 
granted in 1980 to Weyerhaeuser Com- 
pany. At this time, Applied Scanning 
Technology is the only licensee for this 
technology. 

AST systems has been successfully run- 
ning in harsh manufacturing environments 
for five years (Photo 2). AST believes that 
structured light technology’s combination 
of reliability, accuracy, and speed will make 
it a useful and effective form of 3-D vision 
for the foreseeable future. 


THREE-DIMENSIONAL VISION 
FOR ROBOTIC GUIDANCE 

The recent availability of gallium 
arsenide laser diodes with significant 
power output and miniature solid state TV 
cameras has allowed development of a 
structured light vision system with the 
small size and high speed required for ef- 
fective robotic guidance. This system is the 
VLS-200 Solid State 3-D Vision System. 
Its Source-Sensor Module, including the 
camera, laser, and proprietary electronics, 
is contained in a 6.1 by 6.7 by 2.5 in. 
package weighing approximately 3.5 lbs. 
The module is ideal for mounting on a 
robot arm. Its small size is useful also in 
applications other than robotic guidance. 
With the VLS-200, the vision system can 
be moved around a large object rather 
than moving the object around the vision 
system. Also, the Source-Sensor Module 
could be built into equipment for real-time 
monitoring to improve a customer’s pro- 
cess control. With this size, a portable 
three-dimensional vision system is pos- 
sible. 

The high-speed digital preprocessor 
allows the VLS-200 not only to acquire 
14,400 three-dimensional data points per 
second, but also to provide the same 
number of XYZ coordinates per second. 
This corresponds to outputting 240 coor- 
dinate sets every 17 ms. In addition, the 
VLS-200 can freeze object motion by us- 
ing the pulsed laser as a strobe device. 
This allows accurate measurement of ob- 
jects moving as rapidly as 40 in .Is. 

The system will calibrate itself whenever 
the user requests it to. It does so by ob- 
serving reference surfaces placed in the 
field of view next to the object and 
automatically correcting for camera and 
lens nonlinearities, parallax, and other er- 
ror sources. The entire calibration pro- 
cedure takes less than two minutes. 

The VLS-200 can be configured for ac- 
curacies of as small as 0.001 in. (0.025 
mm). Configuration options are available 
allowing up to eight Source-Sensor 
Modules to be included with one system. 
This allows larger fields of view without 
compromising accuracy. Reliability is ex- 
pected to surpass that of the field-proven 
previous generation of three-dimensional 
vision systems from AST. The solid-state 
laser replaces the helium-neon laser of 
previous systems, and the solid state 
camera replaces the Vidicon TV camera. 
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Photo 2. Two VLS-100 three-dimensional vision systems from Applied Scanning Technology have been 
reliably sorting wood blocks for pencil manufacturing for five years at Hudson I.C.S. in San Leandro, California. 


SEAM TRACKING APPLICATION 

The first VLS-200 has been shipped to 
a major American automobile manufac- 
turer, which will use it for seam tracking. 
In this application, the lightweight Source- 
Sensor Module is mounted on the robot 
arm, which moves rapidly along a welded 
seam and applies sealant. Seam recogni- 
tion software has been developed, allow- 
ing the seam to be tracked at 40 in .Is. A 
known good seam is stored in the VLS-200 
memory during teach mode. Then, in pro- 
duction, the system acquires the surface 
contour of the seam to be tracked, match- 
es the production seam to the stored 
one, and sends the difference in coor- 
dinates between the two seams (offset) to 
the robot controller. All of this is done in 
under 125 ms. 

Jim Simmons is Vice President of Marketing 
for Applied Scanning Technology. 


Reader Feedback 


SYSTEM CONFIGURATION 

Complete VLS-200 systems for produc- 
tion applications consist of the following 
main elements: 

1. One or more miniaturized Source 
Sensor Modules, each one including 
a solid state laser, a solid state 
camera, and pulsing electronics 

2. A 42.5 MHz digital preprocessor and 
68000-based computer system using 
the VME bus in either a NEMA 
enclosure or rackmount cabinet 

3. A variety of software functions in- 
cluding calibration, diagnostics, 
RS-232 and RS-422 host computer 
interfaces, and control of one- or two- 
axis linear positioning stages 

4. A menu-driven application software 
package integrating all system func- 
tions into one user interface that 
allows the user to select the spacing 
between two-dimensional contours, 
smooth data over time and space, 
and generate a data base of XYZ 
coordinate sets for analysis and out- 
put in either graphic, textual, or 
binary format 

Also available is a configuration that 
allows the computer system to be used for 
development as well as production. This 
configuration includes a C language com- 
piler, development utilities such as a 
debugger, and a 10 Mbyte hard disk. In 
addition, VLS-200 systems are available in 


board level or box level configurations. 
This allows robot manufacturers to in- 
tegrate the vision system into the robot at 
a variety of levels. 


To rate this article, circle the appropriate number 
on the Reader Service card. 
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PRODUCT APPLICATION FEATURE 


SURFACE-MOUNT 
TECHNOLOGY REFORT 


Molex Incorporated manufactures inter- 
connection components for the electronic 
and electrical OEM market. Its customers 
include Zenith, Chrysler, Xerox, IBM, 
Sony, Philips, and Delco Electronics. 
Many of these companies routinely use 
robots on their assembly lines, and many 
are turning to surface mounting for their 
printed circuit board components. Robotic 
assembly and surface-mountable devices 
were made for each other. Let us look at 
what one company is doing with the new 
technologies. 

WAVE SOLDER 



MANUAL ASSEMBLY 
X Components Require Y Square Inches 



AUTOMATIC INSERTION 
X Components Require 140% Y Square Inches 

Space increased to allow room for alignment 
of leads into through-holes. 


SURFACE MOUNT 



X Components Require 60% Y Square Inches 


Figure 1. Surface-mount components are typically 
smaller and can be more closely spaced than through- 
hole components. 
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Surface-mount technology (SMT) is an 
old process that has returned after 20 
years to become the new darling of printed 
circuit board packaging. SMT involves the 
attachment of components to one or both 
sides of a PCB without the use of through 
holes for contact leads. Developed for 


created by boiling fluorinert liquid at 215° 
C. At about 188° C the solder paste li- 
quifies, forming a fillet that connects the 
PCB pads to the components after solid- 
ification. Because the vapor heats evenly, 
this process greatly minimizes the board 
rework necessitated by solder-bridging and 



Figure 2. The vapor phase solder method of curing SMT boards heats evenly, minimizing board rework 
necessitated by solder-bridging and icicling. 


dense electronic packaging where space 
limitations dictate, components are 
smaller, and board preparation costs are 
lower, SMT offers a variety of advantages 
over conventional board design (Figure 1). 
Space savings translate to shorter inter- 
connection paths and correspondingly bet- 
ter high-frequency operation. Productivi- 
ty is improved as well with the use of 
automated equipment to populate the 
boards. 

Surface-mountable components, wheth- 
er leaded or leadless, are attached direct- 
ly to the surface of a substrate with or 
without adhesive and are subsequently 
reflow soldered via wave, infrared reflow 
(favored in Japan), vapor phase reflow, or 
other methods. Although there is not yet 
an industry standard, the most widely used 
attachment process in this country is the 
vapor phase solder method, in which a 
paste of solder (typically 63 percent tin/37 
percent lead or 60 percent tin/40 percent 
lead) and flux is stenciled or screened to 
PCB pads. The components are placed on 
the pasted areas and held until the 
assembly is passed through a chamber 
where it is engulfed in layers of vapor 


icicling and decreases the potential for 
component damage (Figures 2 and 3). 

Molex developed a surface-mount pro- 
gram while addressing new connector 
designs that are both SMT-specific and 



Figure 3. The stages of the vapor phase reflow 
method are outlined. 


robotically placeable (Photo 1). A new in- 
sulator material— PET polyester— was 
chosen based on a cost/performance 
tradeoff and because of its stability at high 
reflow temperatures. Gull wing contact 
leads were designed to conform to the 
PCB pads. 



Photo 1. Molex manufactures a variety of surface- 
mountable connectors. 


Ideally, the PCB should have no holes 
so that dense component packaging can 
be achieved on both sides of the board. 
Molex has, however, determined that con- 
nectors might need retention/alignment 


pegs to hold them during the vapor phase 
reflow process; there are thus holes, but 
a minimal number, in the boards. The 
components that have adapted most readi- 
ly to surface-mount techniques are small, 
lightweight chip carriers, resistors, small 
outline transistors, small outline ICs, 
plastic chip carriers, and leadless chip car- 
riers, none of which Molex makes. So, our 
challenge is to convert larger, multi- 
contact, higher profile PCB components 
to conform with SMT specifications. 

Molex R&D engineers have been ex- 
perimenting with a Universal brand point- 
to-point servo robot for the last 18 months. 
Besides placing a variety of Molex inter- 
connection parts onto PC boards, the 
robot has been the focus of connector 
packaging and delivery systems. Four 
packaging systems were created to inter- 
face with robotic pickup stations. Delivery 
systems (end tracks) complement the 
packaging and ensure the part gets picked 
up from the package and properly placed 
on the board. 

Molex’s systems approach to SMT and 
automated printed circuit board assembly 
is in keeping with the prediction of Irv 



Photo 2. A Molex packaging system delivers to a 
robot’s end effector connector devices to be placed 
on a PC board. 


Triner, Molex project manager, that by 
1990 SMT will be the dominant method 
of printed circuit board manufacture. 


Molex® 

2222 Wellington Court 
Lisle, IL 60532 


TWO Z8 BASED CONTROLLERS 



sum ZB controller 

Packed on a 3 x 6.75 PC board the SLIM Z8 Controller offers 40K 
jumper-selectable memories of any combination of CMOS RAMs, 
EPROMS, or EEPROMS. With Zilog Z8671 CPU on board and one 8255 
chip the controller has 38 I/O programmable lines to interface with 
the outside world. The EEPROM can be easily programmed at 5V with 
TINY BASIC command. The RS232 port and on-board simple monitor 
make SZC an ideal development tool and a dedicated controller. $175 

TINY Z8 Controller with 8 Channel A/D Converter 

Tightly packed on a 1.7" x 6 PC board the Z8671 based controller 
offers a jumper-selectable 4K to 32K RAM, EPROM, and EEPROM 
combination of memories. In addition to 8 programmable I/O lines 
and a RS232 serial port the controller has 8 channel A/D converter 
with a choice of 8 or 10 bit resolutibns. Along with on-chip BASIC 
the product is ideal for dedicated control and data aquisition. Power 
requirement is 5 Volts only. 

Other common features for the two products include two 
counter/timer, 7 baud rates, and 6 interrupts. 

Kustem Data Services, Inc. 

PO Box 734, Franklin Park, NJ 08823 201-297-5369 
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Controller 
Data Logger 
Instrumentation System 


Quantity One 
$ 385.00 


1 2 bit A/D converter 

8 differential input channels 

9 polled digital input channels 
2 interrupt inputs 

8 digital outputs 

8K EPROM w/ programmer 

8K battery backed RAM 

time-of-day clock w/ calendar 

BASIC, assembler or Software Sciences’ 

exclusive ZOS stand-alone dev. sys. 


SOFTWARE 

SCIENCE 


3535 Roundbottom Road 
Cincinnati, Ohio 45244 
(513) 561-2060 
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PRODUCT tmiCniOD EEATUffi 


ADHESIVE BOHDIHB 
FOR METALLIC PARTS ASSEMBLY 


Increasing profits while maintaining a com- 
petitive edge is the constant goal of 
management in mass manufacturing. In 
the past, such aims often resulted in a 
creeping erosion of product quality 
because cost considerations usually had 
top priority. Today, with increasing 
pressure from overseas competition, 
management expects the manufacturing 
engineer not only to come up with con- 
tinual improvement in the cost picture, but 
also to raise product quality at the same 
time. 

One of the newer manufacturing tech- 
niques that consistently offers large cost 
reductions while improving quality is 
adhesive bonding for permanent assembly 
of metal parts. This approach cures many 
of the headaches which form part of the 
production man’s daily fare. 

It has long been known that two metal 
parts, or parts made of dissimilar materials, 
could be reliably bonded together with 
suitable adhesives. The aircraft and 
automobile industries have used such 
materials increasingly since World War II. 
Today’s rapid expansion of adhesive bond- 
ing has had to wait for development of a 
way to apply the adhesive quickly and ac- 
curately, and exactly where it is needed. 

The right way to do the job has proven 
to be with computer-controlled robots. 
These machines can lay down an adhesive 
bead on a part at speeds as fast as 2000 
in. /min., within a few thousandths of the 
chosen path on the part, in a precisely 
determined amount, and never spill a 
drop. With such machine ability and dex- 
terity to command, it is not surprising that 
auto companies in particular have quickly 
begun to exploit the potential of adhesive 
assembly techniques in high production. 
Today, the method is becoming standard 
practice for many auto parts, such as door 
assemblies (Figure 1, Photo 1). 
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Cost savings lie in several areas. For 
one, adhesive bonding is cheaper in many 
cases than spot welding because tooling- 
up costs are considerably lower, electrode 
maintenance is eliminated, and extraor- 
dinary safety precautions need not be 
taken in the workplace. While a welding 
machine is likely to be single-purpose 
equipment, the robot adapts easily to a 
part change— or even to a new job— 
without alterations except to the set of 
electronic instructions prepared for it. 

Although the path the head travels while 
laying down an adhesive bead can be very 


ADHESIVE SQUEEZE-OUT 
FORMS MOISTURE SEAL 


V 




L 


INNER LINER 
OUTER PANEL 


AUTO DOOR 


Figure 1. In a typical car door construction the flange 
is bent over to make a triple thickness of metal at 
the door edge. The adhesive not only strengthens 
the joint and reduces squeaks and rattles, but also 
forms a seal to keep moisture out. 



Photo 1. The edges of the rear window of a station 
wagon are first given a coat of adhesive and then 
flanged over to form a triple thickness of metal. 
Squeeze-out from the adhesive forms a seal against 
moisture. 


complex, machine programming is 
relatively simple. Accuratio Systems Inc. 
(A.S.I.), which has built more adhesive ap- 
plication robots than any other company, 
needs only a few days to teach an apt per- 
son without previous programming ex- 
perience how to program a robot to lay 
adhesive. 

In auto plants, a distinct quality improve- 
ment is gained in the assembly of such 
highly visible parts as doors, hoods, and 
deck lids. Here, where stiffening liners are 
assembled into the shells, mechanical 
fastening is not feasible and spot welds fre- 
quently announce their presence with un- 
sightly marks in finish paint. (These, of 
course, demand that the part be refin- 
ished.) Adhesive bonding not only elimi- 
nates such blemishes, but also ensures that 
squeaks and rattles will not develop when 
the car takes to the road. With stresses 
distributed over a wide area rather than 
at a series of small spots, the assembly is 
stronger. Further, while body corrosion 
often begins at or near weld spots, the 
adhesive can also function as an effective 
sealant against moisture. There are pro- 
duct design benefits in adhesive bonding 
as well. For example, openings do not have 
to be provided in strategic locations to ad- 
mit welding electrodes, so the part can be 
designed for maximum rigidity and 
minimum die cost. 

Adhesive formulas are available now to 
suit almost any purpose. They come with 
characteristics for maximum bonding 
strength appropriate to a variety of 
materials, and in varying viscosities and 
degrees of tackiness. In one application, 
for instance, the adhesive is laid in place 
on a glass panel in an “0” cross section 
and has barely enough tack to hold it in 
place on the glass during assembly into the 
vehicle (Figure 2). This forms a flexible 
gasket that can be readily removed in case 


BODY METAL 


/ff 




GLASS 



BUTYL RUBBER “O” RING 
EXTRUDED IN PLACE 


VAN WINDOW INSTALLATION 


Figure 2. In a van window installation a butyl rub- 
ber material is extruded to a specific cross section 
to form an “0” ring. The material’s stiffness requires 
a pressure at the nozzle of 6000 psi. 


it becomes necessary to replace the glass. 
More than 6000 psi is needed at the noz- 
zle to extrude the material onto the glass. 
In other applications, the adhesive is laid 
on at a nearly liquid consistency so that 
gravity alone compresses the bead to bring 
the parts together. In some applications 
only adhesive strength is required of the 
bond. In others, it must perform an effec- 
tive sealing or gasketing function as well. 

In applications where considerable 
bonding strength is a requirement, epoxy 
adhesives are commonly used. While these 
can be two-part formulations, mixed at the 
same nozzle and cured through an exo- 
thermic reaction, they are generally applied 
to one of the parts at room temperature 
and cured after the parts have been 
brought together, painted, and the part 
temperature is raised in the paint drying 
oven. Mechanical means are required in 
such operations to hold the parts in align- 
ment until they reach the oven. 

In almost all adhesive bonding and seal- 
ing jobs there is a requirement for precise 
control of the amount of adhesive applied 
and of the bead’s location on the part. 
Four factors are involved in control of 
adhesive quantity: consistency or viscosi- 
ty of the material, pressure at the nozzle, 
size of the nozzle, and speed of the 
machine. Once specifications are set up, 
it is a relatively simple matter to control 
the amount of bead. In fact, the amount 
of adhesive laid on the part can be varied 
during a cycle by deliberately varying 
machine speed at certain points to pro- 
duce a heavier or lighter bead where 
desired. 

Bead placement, though, is entirely a 
function of machine efficiency. A.S.I.’s 
control is via computer actuation of servo 
motors that can position armatures to 
within a few degrees of rotation. Machine 



Photo 2. A cantilevered robot is compact, versatile, 
and suitable for applying adhesives to small and 
medium sized workpieces. 


rigidity, too, is an important factor in the 
ability to place the bead routinely within 
0.010 in. of its planned position, or closer 
if production requirements so dictate. 


A.S.I. produces a number of standard 
sizes and configurations of robots as well 
as specially designed and built machines. 
Compact cantilever-type machines (Photo 
2) prove handy in many applications while 
large gantry types straddle the production 
line in others. Five-axis capability is com- 
monly specified. The five-axis machines 
can establish and maintain a specific noz- 
zle position relative to the part no matter 
how complex its configuration or the direc- 
tion of machine travel. This keeps the bead 
perfectly uniform. 

Records based on queries to customers 
indicate that in addition to delivering im- 
proved product quality, most A.S.I. 
adhesive bonding and sealing installations 
pay for themselves in less than a year. 


Accuratio Systems Inc. 
1250 Crooks Rd. 
Clawson, MI 48017 


Little Board™/186«.«+ $495 

High Performance, Low Cost PC-DOS Engine 



• Three times the COMPUTING POWER of a PC 

• Data and File Compatible with IBM PC, runs 
“MS-DOS generic" programs 

• 8 MHz 80186 CPU, DMA, Counter/Timers, 

1 28/51 2K RAM^ero wait states, 

16-1 28K EPROM 

• Mini/Micro Floppy Controller (1-4 Drives, 
Single/Double Density, 1-2 sided, 

40/80 track) 

• 2 RS232C Serial Ports (50-38, 400 baud), 

1 Centronics Printer Port 

• Only 5.75 x 7.75 inches, mounts directly to 
a 5-1/4' disk drive 

• Power Requirement: -5VDC at 1.25A; 

+1 2VDC at .05A; On board -12V converter 


• SCSI/PLUS™ multi-master I/O expansion bus 

• Software Included: 

• PC-DOS compatible ROM-BIOS boots 
DOS 2.x and 3.x 

• Hard Disk support 

• OPTIONS: 

• Expansion board with: 

• 128 or 5 12K additional RAM 

• 2 Sync/Async RS232/422 serial ports 

• Battery backed Real Time Clock 

• 8087 Math Co-Processor 

• Buffered I/O Bus 

• STD Bus Adapter 

• Utilities source code 

• TurboDOS / Networking 


IBM*, IBM Corp.; 80186", Intel, Corp., 
Turbo DOS*, Software 2000, Inc. 




COMPUTERS. INCORPORATED 

67 East Evelyn Ave. . Mountain View, CA94041 . (415)962-0230 . TELEX 4940302 
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In The Robotics Age ™ 

Edited by Stephanie vL Henkel 


AUTOFACT ‘85 


Autofact ‘85, “Manufacturing 
Integration Comes of Age,” can 
be summarized in 21 letters: 
CAD, CAM, CAE, CIM, LAN, 
TOP— and, above all— MAP. 
In a one-quarter acre display 
shared by 22 exhibitors, Gen- 
eral Motors created a totally 
automated factory that pro- 
duced the Towers of Hanoi 
brainteaser game. “Customers” 
entered their orders at remote 
stations and were assigned 
numbers, and from then on the 
robots were in charge. The 
setup also demonstrated the 
virtues of just in time inventory 
control, and we could imagine 
a large-scale version building 
automobiles to order. 

General Motors Corp. un- 
veiled MAP, Manufacturing 
Automation Protocol, in July, 


1984, at the National Computer 
Conference and suddenly the 
vendors of computerized manu- 
facturing equipment had to get 
serious about the interoper- 
ability to which they had long 
been giving lip service. Simply 
put, MAP’s objective is to 
establish a single protocol that 
will enable computer, robotic, 
and communication systems 
made by different manufac- 
turers to communicate with 
each other. 

A company the size of GM 
can by sheer strength make in- 
dustry standards happen, but 
judging from MAP’s reception, 


far from being shoved down 
various corporate throats the 
standard was being eagerly em- 
braced. Hewlett Packard, for 
example, had developed its own 
early version of MAP, Future- 
Net, based on the same seven 
levels GM established. HP has 
agreed to support MAP while 
continuing to support Future- 
Net. Everyone seemed in on 
the MAP act by the end of the 
conference; nearly every display 
in the hall sported a banner: 
“We Support MAP.” 
Autofact’s primary focus was 
on computers and software. 
The CAD graphics were spec- 


tacular, but not many were 
robot-related. Software kine- 
matics packages have yet to ap- 
pear in appreciable numbers. 
There were, in fact, very few 
robots on display. McDonnell 
Douglas offered a tour of an 
automated factory that culmi- 
nated in a robotic welding 
demonstration and the line to 
get in stretched hundreds of 
feet. 

Altogether there were 220 
exhibits in over 130 categories 
of computer-based engineering, 
manufacturing, and manage- 
ment technologies and equip- 
ment. The official attendance 
figure was set at 33,107, a 
sizeable jump from last year’s 
22,776. Twenty-five countries 
were represented, including the 
U.S. and Canada. 


PEOPLE 


►Eric Mittelstadt, presi- 
dent and CEO of GMF Robo- 
tics, has been elected president 
of the Robotic Industries 
Association. He succeeds in 
that office Walter K. Weisel, 
president and CEO of Prab 
Robots. Mittelstadt’s one-year 
term will officially begin at the 
RIA’s annual meeting in 
January, 1986. 

► Imaging Technology Incor- 

porated has announced two 
appointments: Donald R. 

Young as a member of the 
board of directors and Gary 
Mayerick as vice president, 
engineering. Young is an 
associate of Fidelity Venture 
Associates. Prior to attending 
Harvard he was a centerfielder 
for the Atlanta Braves. 
Mayerick was formerly with Im- 
agitex and the Verbex division 
of Exxon Enterprises. 

► James McGrath has been 
appointed robotic systems 


engineer at Advanced Tech- 
nology Systems, where he will 
be responsible for integrated 
robotic systems. Cheryl A. 
Comai has been named 
manager of marketing and 
planning. Comai was formerly 
assistant director of the 
Robotics Research Center at 
the University of Rhode Island. 

► Perceptron, The Machine 
Vision Company has named 
Arthur R. Smith III CEO of 

the first business unit. Smith, 
who joined Perceptron in 1984, 
was previously with Control 
Data and other high-tech firms. 
The company also named 
Gregory H. Knudson director 
of marketing services. Knudson 
also manages Perceptron’s new 
international operations in 
Munich, West Germany. 

► Intelledex Incorporated 

has named as VP-operations 


William I. Robinson, former 
president of European opera- 
tions for Measurex and most 
recently president of Ahlstrom 
Automation Inc. Robinson will 
be responsible for the manufac- 
ture of the firm’s turnkey 
automation systems and stan- 
dard robot and vision products. 

► Unimation Incorporated 
has appointed Harold H. Bloch 

vice president of marketing. 
Bloch, who has been with the 
firm since 1960, was most 
recently vice president of 
systems engineering. 

► Javelin Electronics has an- 
nounced two appointments: J. 
David Bittner is now director 
of corporate accounts and 
Russell J. Mayworm is national 
sales manager. Bittner will 
direct negotiations and cor- 
porate relations for large ac- 


counts. Mayworm was former- 
ly vice president of North 
American Computer and divi- 
sion manager of Sanyo Elec- 
tric’s CCTV division. 

► Feedback Inc. has ap- 
pointed Ian H.H. Smith sales 
director. Smith has worked for 
UPI, Muirhead, Inc., and 
Plessey. 

► Selective Electronics, Inc. 

(Selcom) has named Ronald F. 
Miller Midwest Optocator sales 
engineer and Richard C. Hunt 
applications engineer. Miller 
will be responsible for the Op- 
tocator measurement system 
and Hunt will cover Selspot and 
Optocator applications. 

►J. Ross O’Hanlon, Jr. has 

been appointed regional mana- 
ger, NC Software Products, for 
Automation Intelligence’s 
Northeast region. Prior to join- 
ing AI, O’Hanlon was with 
Cadlinc. 
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In The Robotics Age™ 

SCIENCE & 
TECHNOLOGY 


An advanced x-ray scanner 
that allows factory inspectors to 
look into the inside of aircraft 
engine turbine blades is being 
used at the General Electric 
plant in Madisonville, Ken- 
tucky, and a next-generation 
module is nearing completion 
that will give the computer 
enough intelligence to recog- 
nize flaws and decide on its 
own whether to accept or reject 
a part. 

The x-ray module is part of 
a highly automated blade in- 
spection system designed to 
assist in the detection of inter- 
nal casting flaws and manufac- 
turing errors such as misdrilled 
cooling passages. The process 
is filmless, yielding clearer and 
more detailed images and elimi- 
nating such variables as film 
quality, processing chemicals, 
and operator experience. In 
this method, x-rays penetrating 
an object are read by a detec- 
tor and interpreted by a com- 
puter to form an image. 

The blades are carried into 
the inspection module on a 
conveyor. A robotic manip- 
ulator grasps each blade and 
automatically positions it in the 
x-ray beam according to the 
type of scan requested. After in- 
spection, the robot replaces the 
part on the conveyor and it is 
returned to the operator. A 
blade is first viewed for 30 
seconds in a digital fluoroscopy 
mode, which produces a flat 
plane image analogous to a 
conventional x-ray. If ir- 
regularities seems to be pre- 
sent, the part can be rein- 
spected in the computed tomo- 
graphy mode, a two-minute 
operation that creates a cross- 
sectional image which permits 


a direct measurement of inner 
features. 

A program to develop ac- 
cessories that will enable high- 
power lasers to be used for 
materials processing is being 
proposed by Battelle Colum- 
bus Division. The project, to be 
supported by several com- 
panies, is aimed at developing 
optical accessories for lasers 
used by robots for cutting, 
welding, and surface modifica- 
tion. With an increase in the 
power and the size of laser- 
based materials handling ma- 
chines have come a number of 
problems. The large amount of 
waste heat created by the high- 
power lasers contributes to 
beam-pointing instabilities. 
Also, the larger lasers have 
been unable to produce 
pulsated beams, power varia- 
tions can alter the beam’s align- 
ment, and high laser powers 
can cause thermal deformation 
of optical devices. 

Battelle’s proposed study is 
expected to lead to the develop- 
ment of generic optical devices 
for types and powers of lasers, 
including those able to handle 
more than 5000 watts of con- 
tinuous carbon dioxide laser 
power. Devices under consider- 
ation are: a variable speed, con- 
tinuously variable-duty cycle 
chopper for production of 
pulsed power from a con- 
tinuous beam; a beam-pointing 
control system for maintaining 
beam alignment along robots’ 
rectilinear paths; a cone- 
parabola axicon for reflective 
coaxial focusing of various 
high-power beam types; and a 
kaleidoscope beam integrator 
for production of square- and 
rectangular-beam images of 
uniform power density. 



vernuecn aw 

Synchronous Motors for laser scanning 
always spin at exactly the speed dictated 
by the frequency. For laser scanning, the motor 
has to turn the polygon at precisely the required speed at 
all times. And that’s what makes Vernitech AC 
Hysteresis Synchronous Motors perfect for laser 
scanners and bar code readers. 

The speed is dictated — absolutely — by input 
frequency. As long as the frequency remains constant, 
so does the motor speed. Whether the frequency is 
2.5 Hz or 1600 Hz, and a speed range of 150 to 75,000 
rpm, the unique Vernitech design will synchronize. 
Broad Band (150-40,000 rpm) can be designed into a 
single motor frame. 

The electronics required fits easily into 5 cubic 
inches. The voltage required for the drive is 5 VDC. The 
output circuitry for motor drive is 5 wire. Our motors are 
precision instruments in every way. The shaft can have 
straightness of .0001 " TIR, and perpendicularity to hub 
of .0001 " TIR. The dynamic balance of the rotor is 
.0001 oz/inches. 

Vernitech AC 
Synchronous Motors are 
available in a power 
range of 1 to 1 00 watts 
per phase, 2 through 250 
volts, with 2, 4, 6, 8, or 12 
poles, and with polygons 
mounted outside bearing 

journals (for under 20,000 rpm), or inside bearing journals 
mounted (for up to 75,000 rpm). We can mount the 
polygon if desired, and in fact, custom-build the motor to 
your specifications. 

For more information, contact Jerry Moonelis at 
Vernitech, (51 6) 586-51 00, 300 Marcus Blvd., Deer Park, 


5 VDC 


NY 11729. TWX 510-227-6079. 



*Not apparent in 
most critical applications. 


ROBOTICS ENGINEERING January 1986 31 






In The Robotics Age™ 


CORPORATE NEWS 


►Allen-Bradley has an- 
nounced an agreement to ac- 
quire the Interactive Systems 
business unit of 3M Corpora- 
tion. The newly acquired unit 
is a supplier of LAN electronic 
communication products. It will 
become the Communications 
Division of A-B’s Industrial 
Computer Group and will re- 
main in Ann Arbor, Michigan. 
Allen-Bradley has also an- 
nounced the formation of a 
business unit to market in- 
dustrial automation products 
and systems to the federal 
government. Rockwell, A-B’s 
parent company, is among the 
largest U.S. gvernment con- 
tractors. 

► Gould Inc. has formed a 
single industrial automation 
sales organization, combining 
the sales groups of three divi- 
sions that serve the firm’s cus- 
tomers for factory automation 
systems and products. The new 
organization consolidates the 
domestic sales forces of Gould’s 
recently acquired International 
Cybernetics Division, Motion 
Control Division, Program- 
mable Control Division, and the 
Troy, Michigan, sales office of 
the Computer Systems Divi- 
sion. 

► Machine Vision Interna- 
tional Inc. has received new 
orders for glass adhesive in- 
spection systems to be installed 
at two car assembly plants for 
a major auto manufacturer. The 
systems are designed to verify 
that the correct glass is present, 
inspect black primer and ure- 
thane applications, and auto- 
matically record data to facili- 
tate compliance with the federal 
Motor Vehicle Safety Standard 
requirements. 

► Cincinnati Milacron’s Indus- 
trial Robot Division is installing 

32 ROBOTICS ENGINEERING 


a three-robot gantry in Ford 
Motor Company’s Chicago 
stamping plant. The robots are 
to weld aluminum hinge and 
latch brackets onto engine 
compartment hoods. The firm 
has also received a $6.5 million 
contract to build T 3 886 gantry 
robots for GM’s Truck and Bus 
Group. The robots will be used 
for spot welding and will be 
equipped with MAP interface. 

► The National Aeronautics 
and Space Administration has 

awarded a contract to FTG 
Data Systems for the develop- 
ment of a Tektronix 4025 
emulation. Faced with a large 
body of existing software but no 
new 4025 terminals from 
Tektronix, NASA chose to go 
with terminal emulation soft- 
ware. 

► Spectragraphics Cor- 
poration has announced that 

Apollo Computer, Inc. plans 
to make a $3 million initial 
equity investment in that com- 
pany and to sign an $800,000 
contract for product develop- 
ment as part of a strategic 
alliance between the two firms. 
Under the terms of the agree- 
ment, Spectragraphics will 
develop hard- and software that 
allows Apollo workstations to 
access IBM mainframes. Apollo 
will have the option to increase 
its investment, while retaining 
a minority interest in Spec- 
tragraphics and also to name a 
representative to that com- 
pany’s board of directors. 

► Adept Technology, Inc. has 

signed an agreement with Chad 
Industries to market Chad’s 
unique robotic components. 
The components enable 
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Adept’s AdeptOne™ to flexibly 
assemble standard and odd 
through-hole electronic devices 
into PCBs without changing 
end effectors or peripheral tool- 
ing. The agreement gives Adept 
exclusive rights to market the 
components, with the excep- 
tion that Chad retains the right 
to design the components into 
turnkey systems it sells. 

► Industrial Networking Inc., 

a joint venture between 
Ungermann-Bass Inc. and GE, 
has entered into an agreement 
with Fanuc Ltd. of Japan to 
jointly develop local area net- 
work products that will provide 
full MAP capability for Fanuc 
products. According to IN 
president and CEO Joseph P. 
Schoendorf, the Fanuc pro- 
gram grew out of a develop- 
ment plan already under way 
with GMF Robotics, itself a 
joint venture between GM and 
Fanuc. The IN-Fanuc effort will 
be directed toward developing 
a board-level interface that sup- 
ports the GMF/Fanuc back- 
plane. 

► The results of an evaluation 
conducted by Forbes have 
named Flow Systems Inc. one 
of the best small companies in 


the U.S. The magazine eval- 
uated 4000 firms with sales be- 
tween $1 million and $300 
million and the top 200 were 
ranked according to their five- 
year average return on equity. 
To qualify for the list, the com- 
panies had to show consistence 
in earnings growth, balance 
sheet strength, an average five- 
year growth of 8 percent or bet- 
ter, and high return on equity. 

► Intelledex Incorporated 

has appointed as its distributor 
for Singapore and other Asian 
countries Chartered Elec- 
tronic Industries PTD. Ltd. 

The agreement marks the 
beginning of international 
distribution for Intelledex. CEI 
will also function as a systems 
house for the U.S. firm. 

► Robotic Computers, Inc. 

has entered into an agreement 
with Advanced Technology 
Applications Corporation and 
Advanced Technology Pro- 
ducts, Inc. whereby RCI will ac- 
quire all the outstanding stock 
of ATA and ATP. Upon com- 
pletion of the acquisition, and 
without regard for the redemp- 
tive rights RCI included in the 
agreement, the current share- 
holders of ATA and ATP will 
own approximately 48 percent 
of the issued and outstanding 
stock of RCI. 


Classified 

Advertising 


“End of the year sale”. Save over 50% on RB5X 
robot with voice synthesizer. Originally $2540.00 now 
only $1 245.00. No shipping charge (U.S. A. only). Cal- 
Robot, 16200 Ventura Blvd., Suite 223, Encino, CA 
91436 (818) 905-0721. 


New 

Products 


Vision System for SMT Inspection and Control 


/l^achine Vision International has intro- 
1 \J duced an image analysis product for use 
in automated inspection and control of surface- 
mount technology manufacturing. Electro- 
Vision 5000 inspects the SMT assemblies for 
proper distribution and proportion of solder 
paste, identification and registration of com- 
ponents, and quality of solder flow. The system 
is based on MVI’s proprietary image process- 
ing technology and advanced image flow archi- 
tecture. 

The EV 5000 combines MVI’s Image Flow 
Computer with the IBM PC. The PC provides 
interface to the operator, external devices, and 
host systems, and integrates the EV 5000 with 
the SMT manufacturing process at production 
line stations. System software, featuring MVI’s 
proprietary BLIX libraries, manages all aspects 


of the machine vision process. The inspection 
and control system is ready to install on any 
SMT line and ready to run under any lighting 
conditions. 

Features of the EV 5000 include CAD system 
interface for setup, menu driven commands for 
operator interface, and a range of communica- 
tion interfaces to host systems and commercial- 
ly available material handling systems. The 
system integrates controls for external equip- 
ment such as solder deposition and component 
placement systems, while producing com- 
puterized reports of defects to measure quali- 
ty standards. 

For more information, contact: Machine Vi- 
sion International, Burlington Center, 325 East 
Eisenhower, Ann Arbor, MI 48104, telephone 
(313) 996-8033. Circle 60 



Super-Miniature 
Solid State Camera 

ULNiX has introduced a super-miniature 
solid state camera that is 4 in. long and 
weighs 5 oz. The TM-24 features a 244 by 244 
pixel MOS imager with black and white RS-170 
output through an F-type video connector. The 
camera comes in three versions: the TM-24S 
standard camera, the TM-24A with audio, and 
the TM-24T for computer interfacing. Each 
comes complete with 16 mm miniature C- 
mount lens and power connector plug for 12 
VDC input. 

The company offers a 1-year warranty on the 
camera and anticipates a 10-year lifetime. En- 
vironmental housings are available for hostile 
factory conditions. 

For more information, contact: Mary 
Pomeroy, Sales Manager, Video Components, 
PULNiX America, Inc., 770-A Lucerne Dr., 
Sunnyvale, CA 94086, telephone (408) 
733-1560. Circle 61 



Control Software 
Development System 

T 7niversal Automation, Inc. has introduced 
Kj the FloPro™ control software develop- 
ment system. Control applications can be 
developed, debugged, and controlled directly 
from an IBM PC or other system compatible 
computer. FloPro provides a method of tak- 
ing an automation control application from con- 
cept to execution using decision flowcharts. No 
conversion to another computer language is re- 
quired, enabling control software development 
time to be cut in half. 

FloPro is a real-time multi-tasking system and 
is currently in use in a variety of control/ 
monitoring applications (floppy disk certifier 
monitoring, rigid disk robotized certifier 
monitoring, warhead torquing, oscillator crystal 
sorting, and printed circuit board testing). A 
typical scan rate using FloPro is approximate- 
ly 10 ms including I/O. 

For more information, contact: Ruth A. 
Cook, Universal Automation, Inc., 23 Burnham 
Rd., Hudson, NH 03051, telephone (603) 
880-6553. Circle 62 




Robotic Sensor Probe 

A utomation Engineering has developed a 
jljL special non-windowlocking, quick 
response, long over-travel sensor probe for 
deep cavity probing by robotic end effectors. 
The sensor is designed to probe for parts that 
remain unejected during robotic insert molding 
applications. 

The robotic insert loading system, also 
designed by Automation Engineering, requires 
probing at an angle and deep inside four mold 
cavities simultaneously. To accomplish this, and 
to prevent windowlocking, a long hardened pin 
is placed inside a precision instrument grade 
ball bushing. The parts to be detected vary in 
thickness from 0.020-0.025 in., so immediate 
response with a long overtravel is required to 
prevent the robot from jamming if an object 
has not been ejected from the mold cavities. 
The pin and anti-windowlocking feature are 
housed inside a V 2 in. 32-threaded mounting 
body for ease of mounting and precision posi- 
tion adjustment. 

For more information, contact: Automation 
Engineering, PO Box 4311, Crestline, CA 
92325, telephone (714) 338-3844. Circle 63 


CAD For Robot Simulation 

A CAD system available from Reis uses the 
jTjL Applicon System Bravo to simulate the 
workcell environment of Reis robots. Software 
developed by the firm includes kinematic and 
dimensional data. Robot movement can be 
computed and displayed from starting to end 
point, along with any selected intermediate 
position of the robot arm and tooling positions. 
Additionally, all machinery and equipment 
within the work envelope can be computed for 
possible collision problems. 

For more information, contact: Reis 
Machines Incorporated, 1150 Davis Rd., Elgin, 
IL 60120, telephone (312) 741-9500. 

Circle 64 
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New 

Products 


Shape-Memory Actuators 

general purpose linear actuator from 
Raychem uses shape-memory metal to 
perform electromechanical functions. Designed 
as an alternative to motors, solenoids, bimetallic 
strips, and wax actuators, the pencil-thin Vease 
actuator, model 925100-01, operates without 
gears or converters. It incorporates a tightly 
wound, 8-tum helical spring made of the shape- 
memory nickel-titanium alloy Tinel®. The 
spring is attached to a lever arm and encased 
in a metal sleeve with an outer overload spring. 

The actuator exerts a 1 -pound force con- 
tinuously throughout its stroke, eliminating the 
need for oversized actuators for maintaining full 
force at the end of the stroke. The device 
weighs 0.39 oz., giving it a high work-to- weight 
ratio. Jam and overload protection are built in; 
any load greater than 50 percent of the rated 
value is relieved automatically to protect the 
actuator and any components attached to it. 
The drive source can be AC or DC and need 
supply only the correct average current for a 
specified actuation time. Because it activates 


exas Instruments has introduced a 
token-ring local area network (LAN) 
adapter chip set, the TMS380. The set was 
developed jointly with IBM, and provides stan- 
dardized interfaces for attaching computers, 
terminals, telecommunications equipment, and 
other information processing devices to the 
IBM Token-Ring Network. 

The TMS380 meets the ANSI/IEEE Std 
802.5-1985 specification and also the European 
Computer Manufacturers’ Association 89 stan- 
dard for token-ring, baseband local area net- 



at just above normal ambient temperatures, it 
can be actuated thermally or electrically. 

Shape-memory actuation starts and stops 
gently, minimizing vibration and high G 
movements. The device makes no noise dur- 
ing actuation or reset. It also contains no 
magnetic materials. Constructed of brass, 
plastic, and Tinel, it resists corrosion in most 
fluids. 

For more information, contact: Dick Yaeger, 
Raychem Corporation, 300 Constitution Dr., 
Menlo Park, CA 94025-1164, telephone (415) 
361-4719. Circle 65 


works. It was designed to meet LAN connec- 
tion requirements of personal computers, ad- 
vanced technology personal computers, and 
emerging 32-bit professional workstations. The 
chip set provides a 4 million bit/sec. data rate 
over already installed telephone twisted pair, 
shielded twisted pair, and fiber optics. 

For more information, contact: Texas In- 
struments, Semiconductor Group (SC-512), PO 
Box 809066 Dallas, TX 75380-9066, telephone 
(800) 232-3200, ext. 700. 

Circle 66 


Literature 

The following is a sampling of recent publica- 
tions, marketing material, and technical 
literature. 

• IEEE Computer Society Publications 

Catalog. Contact: IEE Computer Society, Dept. 
CN5, PO Box 80452, Worldway Postal Center, 
Los Angeles, CA 90080, telephone (800) CS- 
BOOKS. Circle 67 

• Artificial Intelligence : Bibliographic Sum- 

maries of the Select Literature , Volumes I, II. 
Contact: The Report Store, 910 Massachusetts 
St., Suite 503, Lawrence, KS 66044, telephone 
(913) 842-7348. Circle 68 

• Smart Manager's Guide to Effective CAD 
Management. Contact: CAD/CAM Publishing, 
Inc., 841 Turquoise St., Suite D, San Diego, 

CA 92109, telephone (619) 488-0533. 

Circle 69 

• Manufacturing Simulation: A New Tool for 

Robotics, FMS, and Industrial Process Design. 
Contact: Technical Insights, Inc., PO Box 
1304, Fort Lee, NJ 07024, telephone (201) 
568-4744. Circle 70 

• “Positioning Systems/Lasers, and Ac- 

cessories.” Contact: Aerotech, Inc., 101 Zeta 
Dr., Pittsburgh, PA 15238-2897, telephone 
(412) 963-7470. Circle 71 

• The Artificial Intelligence Directory , 1985 

ed. Contact: DM Data Inc., 6900 E. Camelback 
Rd., Suite 1000, Scottsdale, AZ 85251, 
telephone (602) 945-9620. Circle 72 

• “AVA Machine Vision Glossary.” Contact: 

Automated Vision Association, PO Box 1366, 
Dearborn, MI 48121, telephone (313) 
271-7800. Circle 73 

• Integrated Manufacture and Flexible 

Manufacturing Systems. Contact: Air Science 
Company, PO Box 143, Corning, NY 14830, 
telephone (607) 962-5591. Circle 74 

• Catalog of publications on robotics, 
CAD/CAM/CAE, FMS, etc. Contact: Elsevier 
Science Publishing Co., Inc., PO Box 1663, 
Grand Central Station, New York, NY 10163. 

Circle 75 

•Journal of Robotic Systems. Contact: 
Subscription Dept., John Wiley & Sons, Inc., 
605 Third Ave., New York, NY 10157. 

Circle 76 

• Robotics Annual Patent Directory. Contact: 
Communications Publishing Group, Inc., 1505 
Commonwealth Ave., Suite 32, Boston, MA 
02135, telephone (617) 787-0138. Circle 77 



TMS380 LAN ADAPTER CHIPSET 



Token-ring LAN Adapter Chip Set 
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New 

Products 


High Resolution Vision System 


l\/t\cxo Robotics Systems, Inc. is offering 
1 * A a new high resolution vision system for 
precision assembly and parts inspection. The 
system is adaptable to most assembly line 
operations that use robots for assembly, com- 
ponent insertion, chip and wafer handling, and 
PCB inspection. It can also be used as a stand- 
alone inspection system in operations such as 
silicon wafer processing and IC manufacturing. 

The system is available in three configura- 
tions. The basic system includes the Micro 
PDP-11 processor, a VT 220 high resolution 
graphics terminal, keyboard, camera, basic im- 
ager, and driver software; the second level adds 
on an ALU processor and software for high 
speed computing power to 1/30 of a second; 
and the third level includes all the above 
features plus an expanded memory and custom 
applications software. 

The system houses up to six vision boards; 
the vision boards include three image frame 
buffers. Each frame buffer has a spatial resolu- 



tion of 768 by 512. Pixels have an 8-bit depth, 
which corresponds to a broad gray scale of 256 
different levels. Up to four input devices can 
be supported, and one input look-up table and 
three output look-up tables are included. The 
system features red, green, and pseudo-color 
generation with character overlay and pen and 
scroll capabilities. 

For more information, contact: Micro 
Robotics Systems, Inc., 660 Suffolk St., Lowell, 
MA 01854, telephone (617) 937-1970. 

Circle 78 



Robotic Powder Dispenser 

Zjudson Robotics is offering a robotic 
M i workcell for dispensing precise quantities 
of powder automatically. The system uses a Mit- 
subishi RM-501 Movemaster robot interfaced 
to a Hierath and Andrews ISO-G powder 
dispenser. The robot has five axes of move- 
ment, a 2.7 lb. payload, and a speed of up to 
15.7 in./sec. The workcell includes automatic 
loading/unloading of vials, cartridges, or other 
powder containers that might be required. Ap- 
plications include the pharmaceutical, pyro- 
technic, powedered metal, chemical, and ce- 
ramic industries. 

For more information, contact: Thomas R. 
Jividen, Hudson Robotics Inc., 120 Morris Ave., 
Springfield, NJ 07081, telephone (201) 
376-7400. Circle 79 


AUTOHUe MANUFACTURING LABORATORY 


INTRODUCING 




THE MOST COMPREHENSIVE FLEXIBLE MANUFACTURING TRAINING SYSTEM! 

AML IS THE FIRST WORKABLE NETWORK SYSTEM TO INTEGRATE STAND-ALONE 
MACHINES INTO FLEXIBLE MANUFACTURING CELLS UNDER CENTRAL COMPUTER CONTROL 

AML IS COMPLETE 


• 5 WORK STATIONS 

• CENTRAL COMPUTER 

• TEST EQUIPMENT 

• PRINTER 


• PROGRAMMABLE CONTROLLER • 2 AXIS CNC LATHE 

• POWER CONDITIONING • 3 AXIS CNC MILL 

• INDUSTRIAL PNEUMATICS • 5 AXIS ROBOT 

• INDUSTRIAL CONTROLLERS • MATERIALS HANDLING 


• HANDS-ON EXPERIMENTS 

• CURRICULUM ON DISC 

• COMPLETE TRAINING 

• USER PUBLISHING 


AVAILABLE FROM: PREP, INC., 1007 WHITEHEAD RD. EXT., TRENTON, NJ 08638 (609) 882-2668 
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New 

Products 


Sealant Application 
Control System 

EJ obotics, Inc. has developed a flow con- 
-£ \ trol system said to reduce by more than 
25 percent the time required for automatic 
dispensing of adhesives and sealants. Program- 
A-Flow™ allows an automated system to 
dispense a uniform bead of material over a com- 
plex path without having to maintain constant 
speed at the dispensing tip. 

The system consists of a pump, speed 
reducer, electric motor, and tachometer 
mounted on a common base. When coupled 
to the controller of an automated dispensing 
system it allows the dispensing system to 
automatically vary material flow in response to 
programmed changes in system speed or to 
compensate for variations in material viscosi- 
ty. The system can slow down for curves and 
accelerate to its maximum dispensing speed, 
while automatically varying flow rate to produce 
a uniform bead of sealant or adhesive. 

For more information, contact: Marketing 
Manager, Robotics, Inc., RD 3-Rt. 9, Ballston 
Spa, NY 12020, telephone (518) 899-4211. 
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Three- Axis Motion Controller 

alii Motion Control has introduced the 
DMC-430, a three-axis programmable 
motion controller contained on an IBM PC 
compatible card. It can control the position and 
velocity of up to three DC or brushless DC 
motors. The microprocessor based DMC-430 
governs all aspects of motor control including 
precision positioning, velocity profiling, and 
status reporting. It is completely programmable 
and parameters for desired motion profiles are 
downloaded directly from the IBM PC. Plug- 
ging directly into the IBM PC bus, the 
DMC-430 takes up only one card slot, saving 
the user I/O space and money. 

The DMC-430 accepts position feedback 
from an incremental encoder. No tachometer 
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feedback is required because the DMC-430 
stabilizes the system with a digital filter that can 
be programmed for optimum motor response. 
With proper filtering and system mechanics, 
speed ranges of up to 30,000:1 and position 
resolutions less than 1 micron can be achieved. 
The DMC-430 interfaces to virtually any size 
DC motor and amplifier combination making 
the controller suitable for a wide range of multi- 
axis applications including factory automation, 
machine tools, robots, and manufacturing 
equipment. 

For more information, contact: Lisa Wade, 
Marketing Manager, Galil Motion Control, Inc., 
1928-A Old Middlefield Way, Mountain View, 
CA 94043, telephone (415) 964-6494. 




Multi-axis 
Motion Control 

^/Eotion Plus™, from MTS Systems Cor- 
1 w i poration, uses new distributed processor 
techniques to command higher-speed, more in- 
tricate multi-axis machine motions. Machine 
data and logic control are also included in the 
package, eliminating the need to interface 
separate controllers. The main 16-bit system 
processor that governs the Motion Plus ac- 
tivities includes an SBX expansion port for 
plug-in additions of such functions as analog 
I/O, additional communications protocols and 
channels, and mass data storage. 

Each axis has its own microprocessor con- 
trolled command generator in which are stored 
up to 16 unique machine motion profiles. 
These run on command from the system pro- 
cessor, allowing it to perform other tasks. New 
profiles can be downloaded from the system 
processor at any time. Stored motion profiles 
can be run independently or in strings to satisfy 
a highly varying machine motion requirement. 

For more information, contact: MTS Systems 
Corporation, PO Box 24012, Minneapolis, MN 
55424, telephone (612) 937-4000. 
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ANNOUNCING THE FIRST NATIONAL 
CONFERENCE AND EXPOSITION 
DEDICATED EXCLUSIVELY TO 
SENSOR AND TRANSDUCER TECHNOLOGY 



O’HARE EXPOSITION CENTER, CHICAGO 
SEPTEMBER 1 7 - 1 9, 1 986 



The sensor industry comes together in 
September 1 986 after years of being a 
stepchild at other events. 

With major breakthroughs developing rapidly, 
the need for a focused, purposeful forum on the 
practical applications of sensor and transducer 
technology has become more acute. 

This need will be answered at the first 
Sensors Conference and Exposition, , 
sponsored by Sensors magazine and produced 
by Expocon Management Associates, Inc. 

At SENSORS EXPO, design engineers, 
engineering and R&D managers, scientists, 
manufacturing and production executives, and 
corporate managers — all involved with the 
problems of measuring and controlling the 
physical world with computer systems — will be 
able to learn from industry experts and their 
colleagues. 


And in the exhibit hall, they’ll be able to 
examine a wide variety of products and 
components from the industry’s most innovative 
suppliers. 

If you’d like more information about attendin g, 
circle the appropriate Reader Service Inquiry 
number below. The complete program will be 
sent to you as soon as it’s available. 

Or, if you’d like the opportunity to exhibit , face- 
to-face, to thousands of engineering, 
manufacturing, and production specifiers, circling 
the second Reader Service Inquiry number will 
get you a complete Exhibitor Package. 

_ For further information about SENSORS 
EXPO, contact Ginny Rae or Susan Reuter at 

Expocon Management Associates, Inc. 

3695 Post Road 

SOUthpOrt, CT 06490 p or Information About Attending, Circle 50 

(203) 259*5734 For Information About Exhibiting. Circle 51 







ACTUAL SIZE 


Photoswitch introduces 
a new dimension 
in photoelectric sensing. 


models have CIL Recognized cable, eliminating 
the need for conduit. This significantly reduces 
installation costs. 

PHOTOSWITCH offers over 50 models 
of the mini-sized Series 6000 controls to pro- 
vide retroreflective, proximity, transmitted 
beam, converging beam and fiber-optic ver- 
sions. Including the only available mini-sized 
“Polarized Beam” retroreflective controls which 
eliminate false signals from highly reflective 
material. 

For more information about the new 
dimension in photoelectric sensing from the 
leading producer of industrial photoelectric 
controls, please contact your 
nearest PHOTOSWITCH distribu- 
tes tor, local PHOTOSWITCH 
office or Electronics 

■ Corporation of America, 
PHOTOSWITCH Division, 

265 Winter Street, Waltham, 
Massachusetts 02154. 
(617)466-8000. 

PHOTOSWITCH 

Better automation in one word 


The first thing to notice about the new 
PHOTOSWITCH Series 6000 mini-sized self- 
contained controls is the size and shape. These 
controls have flat sides and round, threaded 
edges. They can be mounted side-by-side or 
fitted into a 1" diameter hole. 

Series 6000 controls are small and 
operate in the tightest spaces. Yet, they deliver 
sensing distances that are the best in the indus- 
try — for retroreflective scanning, to 20 feet 
with plenty of operating margin. 

A visible LED beam plus an alignment 
and output indicator simplifies installation and 
inspection. Externally adjustable sensitivity 
on all models provides flexibility 
for difficult applications, such as 
detecting small or transparent 
objects. AC and DC versions 
interface directly with program- 
mable controllers, solid-state 
logic or power loads. 

PHOTOSWITCH Series 
6000 controls are completely 
encapsulated and sealed in a 
high impact, corrosion-resistant 
Mema 4 watertight housing. All 


* 
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